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ANNUAL  REPORT 

OF  THE 

GOVERNOR 

OF 

THE  PANAMA  CANAL. 


The  Panama  Canal, 
Office  of  the  Governor, 
Balboa  Heights,  Canal  Zone,  September  11,  1916. 
Sir  :  I  have  the  honor  to  submit  the  annual  report  covering  the 
construction,  operation,  maintenance,  sanitation,  and  protection  of 
The  Panama  Canal  for  the  fiscal  year  ended  June  30,  1916. 

CONSTRUCTION. 

The  department  of  operation  and  mamtenance,  under  which  aU 
construction  work  was  done,  continued  m  charge  of  the  Governor, 
who  was  assisted  in  the  administration  of  the  department  by  the 
engineer  of  maintenance,  Lieut.  Col.  Chester  Harding,  United  States 
Army,  and  by  the  marine  superintendent,  Capt.  Hugh  Eodman, 
United  States  Navy,  until  October  1,  1915,  when  he  was  succeeded 
by  Commander  H.  L  Cone,  United  States  Navy. 

The  principal  construction  work  earned  on  during  the  year  was 
done  in  connection  with  the  terminals,  and  the  erection  of  buildings  for 
various  purposes;  the  electrical,  municipal,  and  dredging  divisions 
did  a  large  amount  of  construction  in  connection  mth  both  the  ter- 
minals and  the  new  buildings. 

DIVISION  OF  TERMINAL  CONSTRUCTION. 

The  division  of  terminal  construction,  under  Rear  Admiral  H.  H. 
Rousseau,  United  States  Navy,  was  charged  with  the  design  and 
construction  of  dry  docks,  shops,  coal  and  fuel  oil  plants,  floating 
cranes,  docks,  and  other  terminal  facihties;  the  inspection  of  machin- 
ery and  appHances  under  contract  pertaining  to  these  various  objects ; 
and  the  construction  of  the  east  breakwater  of  Colon  Harbor.  On 
account  of  the  practical  completion  of  the  work,  tliis  division  was 
abolished  effective  May  31,  1916,  and  since  that  date  the  remaining 
construction  and  inspection  forces  were  placed  under  the  engineer 
of  maintenance.  Admiral  H.  H.  Rousseau  was  reheved  from  duty 
\nih  The  Panama  Canal  effective  July  7   1916. 
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2  THE    PANAMA   CANAL. 

Dry  docks. — The  construction  of  the  dry  docks  was  undertaken, 
with  the  authority  of  Congress,  when  it  became  apparent  that,  because 
of  the  lower  unit  costs  secm-ed  during  the  construction  of  the  canal 
than  were  used  in  the  preparation  of  the  estimates,  there  would  be 
sufficient  money  for  the  purpose.  Following  the  views  advanced  by 
the  Navy  Department,  two  dry  docks  were  contemplated,  located  on 
the  Pacific  side — Dry  Dock  No.  1  was  designed  and  built  of  sufficient 
size  to  admit  any  vessel  that  can  use  the  locks  (the  dimensions  are 
given  in  detail  in  the  annual  report  for  1915) — and  Dry  Dock  No.  2, 
350  feet  long  and  59  feet  wide,  for  smaller  craft.  As  the  construc- 
tion was  authorized  in  view  of  the  possible  savings,  when  it  became 
evident  that  both  dry  docks  could  not  be  built  and  the  canal  com- 
pleted construction  on  No.  2  was  stopped,  but  it  was  left  in  such 
shape  that  it  can  be  readily  completed  at  any  time  should  it  be 
deemed  necessary. 

Early  in  the  fiscal  year  the  excavation  and  cleaning  of  the  rock  in 
preparing  foundations  for  Dry  Dock  No.  1  were  completed.  Most  of 
the  mass  concrete  had  been  placed  by  the  end  of  the  last  fiscal  year; 
that  remaining  to  be  done  was  at  the  entrance  on  either  side,  the 
pump  well,  and  the  opening  in  the  wall  which  was  left  to  accommo- 
date the  mixing  plant.  The  reinforced  concrete  stiU  to  be  placed 
was  for  the  several  machine  rooms,  the  copings,  drains,  gutters, 
numerous  small  lots  around  the  metal  parts  and  the  coping  lever. 
The  permanent  mixing  plant  used  in  the  construction  of  the  dry 
dock  remained  in  service  until  the  latter  part  of  August,  1915,  when 
it  was  removed  and  the  mixers  mounted  on  cars  fitted  with  towers 
and  chutes  for  delivering  the  concrete  into  forms.  The  trestle  lead- 
ing into  the  dry  dock  was  dismantled  in  December,  1915.  The  floor 
was  finished  in  Januaiy,  1916,  with  the  exception  of  the  traverse  slots 
for  the  keel  and  bilge  blocks,  which  were  subsequently  cut  in  the 
concrete.  There  were  placed  12,897  cubic  yards  of  mass  concrete 
and  17,757  cubic  yards  of  reinforced  concrete,  in  which  1,043,366 
poim.ds  of  reinforcing  steel  and  1,122,236  pounds  of  fixed  steel  were 
embedded.  The  average  cost  of  the  mass  concrete  was  $5.5882  per 
cubic  yard  and  of  the  reinforced  concrete  $7.7338  per  cubic  yard. 
The  low  cost  compared  with  concrete  placed  in  the  locks  is  due  to  the 
use  of  sand  and  gravel  secured  from  the  Chagres  River,  not  accessible 
untU  the  lake  reached  its  full  height. 

The  granite  blocks  forming  the  miter  sill  and  the  quoin  posts  were 
set  during  the  year;  the  granite  seat  for  the  floating  caisson  was  also 
put  in  place  and  finished  off.  Great  care  was  exercised  in  dressing 
down  for  final  surfaces,  and  special  steel  templates  were  prepared 
for  the  purpose.  When  finished,  the  maximum  variation  of  the 
granite  sUls  from  a  true  plane  was  one  thirt3'^-second  of  an  inch. 
Granite  amounting  to  425.41  cubic  yards  was  set,  at  a  total  cost  of 
$847.87  per  cubic  yard. 
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The  miter  gates  to  the  dry  dock  are  of  the  same  design  as  those 
used  ill  the  locks,  and  the  various  members  and  phiting  were  fur- 
nished by  the  same  contractors,  the  McChntic-Marshall  Construc- 
tion Co.  The  erection  and  riveting  were  done  by  hired  labor.  The 
south  leaf  was  erected,  riveted,  and  placed  on  its  pintle  by  Novem- 
ber 27,  1915,  and  the  north  leaf  by  December  14,  1915.  The  cost  of 
erecting  the  gate  leaves,  exclusive  of  the  greenheart,  was  $98.9205  per 
ton.  The  miter  posts  and  the  quoin  posts  are  of  greenheart  timber 
obtained  from  British  Guiana.  The  gates  will  finally  receive  a  coat 
of  bitumastic  solution  and  one  of  enamel. 

The  machinery  for  the  pumping  plant  for  unwatering  the  dock  was 
furnished  by  Henry  R.  Worthington  under  contract.  It  was  com- 
pleted by  the  close  of  the  fiscal  year  and  tested  out  subsequent  thereto ; 
the  results  were  very  satisfactory  as  its  efficiency  was  in  excess  of 
that  specified  by  the  contract.  The  cost,  including  the  bonus  earned 
for  increased  efficiency,  amounted  to  $151,476.  The  flooding  and 
sluicing  valves  are  complete,  and  the  dry  dock  is  in  condition  for  use. 

Entrance  hasin. — No  excavation  was  necessary  in  the  entrance 
basin  during  the  year,  except  some  hand  work  in  connection  with 
placing  a  concrete  apron  in  front  of  the  entrance  of  Dry  Dock  No.  1, 
and  leveling  the  bottom  of  this  basin  so  that  it  would  all  be  below 
elevation  minus  45.  The  amount  excavated  was  1,300  cubic  yards, 
at  a  cost  of  $1.3009.  All  tracks  and  other  material  were  removed 
prior  to  April  1. 

Cofferdam. — The  cofferdam,  which  kept  out  the  water  from  the  area 
occupied  by  the  dry  dock,  unloader  wharf,  entrance  pier,  and  basin, 
during  construction,  was  drilled  for  blasting  during  February,  March, 
and  April.  Sufficient  drilling  was  done  by  April  1  to  permit  an  open- 
ing to  be  blasted  through  the  cofferdam  approximately  180  feet  wide. 
In  blasting,  care  was  exercised  so  as  to  protect  the  completed  work 
from  injury.  No  dredges  were  available  until  toward  the  close  of  the 
fiscal  year,  when  an  opening  was  made  sufficiently  large  for  the  dock- 
ing of  the  Corozal,  one  of  the  units  of  the  dredging  fleet,  on  June  27, 
1916. 

Entrance  Pier  No.  9. — The  gravity  wall,  which  was  designed  to 
form  the  south  wall  of  proposed  Dry  Dock  No.  2,  was  completed  last 
fiscal  year.  Of  the  length  authorized,  there  yet  remained  the  head- 
wall  and  the  concrete  steel  decking.  These  were  completed  in 
March,  1916.  In  January  an  extension  of  131  feet  at  the  outer  end 
of  this  waU  was  authorized;  this  extension  consists  of  a  steel  and  con- 
crete deck  supported  on  monolithic  concrete  piers.  In  addition  a 
curtain  wall  was  built  so  as  to  facilitate  the  completion  of  Dry  Dock 
No.  2  should  it  be  undertaken.  This  extension  was  completed  before 
April  1,  and  required  the  placing  of  5,338  cubic  yards  of  mass  and 
3,984  cubic  yards  of  reinforced  concrete,  the  average  cost  of  which 
was  $6.0529  and  $8.8442  per  cubic  yard,  respectively. 
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Balboa  coaling  plant. — This  plant,  a  description  of  which  is  given 
in  previous  reports,  occupies  an  area  of  9.4  acres,  of  which  350  by  300 
feet  is  constructed  for  the  subaqueous  storage  of  coal,  with  a  bottom 
elevation  of  IS  feet  below  mean  sea  level ;  the  balance  of  the  inclosed 
space  has  an  elevation  of  10  feet  above  mean  sea  level,  and  is  available 
for  leasing  to  private  interests.  The  work  performed  during  the  year 
on  the  coaling  plant  consisted  of  a  continuation  of  the  construction  of 
tlie  coal  pockets  and  wharves,  and  the  erection  of  coal-handling 
machinery  under  contract.  The  Panama  Railroad  tracks  were  removed 
from  the  site  of  the  east  coal  pocket,  the  excavation  in  the  pocket  com- 
pleted, the  floor  leveled  and  riprap  retaining  walls  built  in.  There 
were  excavated  1,760  cubic  yards  of  rock,  at  $0.3936  per  cubic  yard, 
and  1,636  cubic  yards  of  concrete  laid,  at  a  cost  of  $10.1749  per  cubic 
yard.  Prior  to  flooding  the  subaqueous  storage  pocket,  cross-sections 
were  taken  from  which  the  capacity  of  the  pock(^t  could  later  be 
computed. 

TJnloader  wharf,  Dock  No.  7. — At  the  close  of  the  previous  fiscal 
year,  the  unloader  wharf  was  completed  up  to  the  point  where  it 
intersects  the  cofferdam,  or  about  four-fifths  of  its  length.  The  wharf 
is  constructed  on  piers  resting  on  solid  rock  with  decking  of  steel 
incased  in  concrete.  To  carry  the  wharf  construction  through  the 
cofferdam  without  admitting  water,  interlocking  sheet  steel  piling 
was  driven  and  the  area  occupied  by  each  pier  thereby  inclosed.  To 
get  the  piers  to  proper  grade,  it  was  necessary  in  some  cases  to  resort 
to  caissons.  All  foundations  were  completed  in  March  and  the  floor 
system  in  April.  There  were  placed  during  the  year  4,835  cubic  yards 
of  mass  and  2,483  cubic  yards  of  reinforced  concrete,  at  a  cost  of 
$5.2984  and  $8.3116  per  cubic  yard,  respectively. 

Reloader  wharf,  DocJc  No.  6. — At  the  close  of  the  last  fiscal  year 
most  of  the  cylindrical  piers  were  fhiished ;  those  remaining  were  near 
the  junction  of  the  unloader  and  reloader  wharves,  and  the  8-foot 
diameter  piers  imder  the  wharf  bunker.  Two  difficulties  were 
encountered  in  working  the  8-foot  cylinders:  (1)  When  the  toe 
reached  stiff  clay  the  frictional  resistance  became  so  great  as  to  pre- 
vent furthca"  driving  of  the  shell,  and  (2)  at  about  50  icvt  below 
ground  level  the  pressure  on  the  shell  was  great  enough  in  several 
cases  to  crush  the  caisson.  To  overcome  the  difficulties,  a  short 
caisson,  71-  feet  in  diameter  with  heavily  reinforced  toe,  v/as  inserted; 
an  angle  bar  with  iron  brackets  was  riveted  around  the  inside  at  the 
top  to  strengthen  it,  and  bolted  sections  of  6-foot  caissons  set  on  it 
to  act  as  a  "follower''  on  which  to  rest  the  driving  hammer.  The 
crushed  section  of  8-foot  shell  was  cut  and  removed,  aft(^r  whicli  tlie 
inner  cylinder  was  sunk  without  much  difficulty.  To  overcome  the 
outward  thrust  from  the  back  fill,  steel  rods  were  used  to  tie  the  wharf' 
to  an  anchorage^,  buried  in  tlie  fill  90  fec^t  to  the  rear;  for  th(^  north  half 
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of  the  dock  this  anchorage  is  a  continuous  concrete  wall  6  feet  wide 
by  9  feet  high,  supported  on  two  rows  of  wood  piling.  To  minimize 
the  thrust  still  further,  the  back  fill  is  sloped  1^  feet  horizontally  to 
1  foot  vertically  from  a  line  25  feet  back  of  the  wharf,  the  slope  being 
riprapped  down  to  low  water.  There  w^ere  driven  during  the  year 
1,693  linear  feet  of  6-foot  and  184  linear  feet  of  8-foot  caissons  and 
61  linear  feet  of  4-foot  caissons.  Concrete  filler  in  the  substructure 
consists  of  6,182  cubic  yards,  and  in  the  superstructure  of  4,757  cubic 
yards,  all  of  which  was  reinforced,  and  was  placed  at  an  average  cost 
per  cubic  yard  of  $7.4154  and  $9.1686,  respectively. 

Coal-handling  plant. — The  unloader  towers,  as  a  part  of  the  coal- 
handhng  plant,  were  completed  in  their  essential  parts.  The  reloader 
towers,  and  the  conveyor  system,  were  completed  but  the  machinery 
was  not  all  installed.  The  rehandling  plant  consists  of  the  berm 
cranes  used  for  laying  concrete  during  the  constmction  of  the  Pacific 
locks.     They  have  been  reerected  and  are  ready  for  operation. 

Repair  wharves  and  commercial  pier. — The  two  remaining  caissons 
of  Dock  No.  13,  quay  walls  C-D-E,  were  finished  and  the  floor  slab 
poured  early  in  the  year.  Later  an  extension  was  authorized  neces- 
sitating the  placing  of  21  more  6-foot  caissons,  and  also  caisson  sup- 
ports for  the  crane  tracks  from  the  dry  dock  to  Dock  No.  13,  requiring 
seven  6-foot  and  five  4-foot  caissons.  All  of  these  foundations  were 
finished  by  the  end  of  December,  1915.  Delay  in  receipt  of  steel  has 
delayed  the  completion  of  the  wharf.  The  average  cost  of  excavation 
in  caissons  was  $2.6519  per  cubic  yard,  and  the  average  cost  of  con- 
crete filler,  including  reinforcement,  was  $6.1334  per  cubic  yard. 

Fill  was  placed  behind  Dock  No.  14,  quay  wall  E-F,  consisting  of 
Sosa  Hill  rock  plowed  off  Lidgerwood  cars  from  a  track  near  its  rear 
face.  The  anchorages  were  all  put  in  place,  the  ground  leveled,  the 
piping  installed,  and  the  permanent  tracks  brought  to  their  final  level. 

Pier  No.  18  is  for  commercial  use;  it  is  the  first  of  a  series  shown 
on  Plate  No.  93,  accompanying  the  annual  report  for  1915,  for  the 
development  of  Balboa  Harbor,  should  additional  f acifities  be  required 
on  the  Pacific  side.  The  back  fill  in  the  central  portion,  between  the 
inner  rows  of  cyhnders,  resting  on  the  soft  miderlying  mud,  caused  a 
slight  spread  at  different  points  along  the  pier.  This  was  overcome 
by  taking  out  the  top  of  the  fill  and  placing  two  additional  3|-inch 
tie-rods  to  each  bent,  with  four  sets  of  bands  of  heavy  steel  plate 
encirchng  the  caissons  forming  bents  Nos.  20,  25,  30,  and  35.  A 
double  row  of  piles  was  also  driven  around  the  entire  inner  face  of 
the  deck  slab,  on  which  was  placed  a  concrete  wall  to  retam  the  back 
fill,  which  was  composed  of  coral  rock,  a  relatively  light  material. 
The  shed  or  covering  of  the  dock  is  completed  and  necessitated  the 
erection  of  1,930.5  tons  of  steel,  at  a  cost  of  $15.5436  per  ton,  and 
the  placing  of  1,390  cubic  yards  of  concrete,  at  a  cost  of  $24.8202 
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per  cubic  yard.  The  roof  is  of  tile  similar  to  that  placed  on  the 
shops'  buildings.  Sliding  doors  furnished  by  J.  Edward  Ogden  Co. 
complete  the  inclosure  of  the  pier.  The  cost  of  the  pier,  exclusive  of 
dredging,  was  $1,028,399.34. 

Reinforced  concrete  'pontoons. — It  was  decided  to  construct  the  four 
reinforced  concrete  pontoons  or  barges  to  be  used  as  small-boat 
landings  in  sUps  Nos.  17  and  19,  Balboa,  on  the  floor  of  the  dry  dock, 
this  being  the  most  convenient  location  for  the  purpose.  The  dimen- 
sions of  the  pontoons  are  120  feet  6  inches  long  by  28  feet  2  inches 
wide  by  7  feet  10  inches  deep,  and  they  were  designed  to  float  with 
a  3-foot  freeboard.  The  entire  bottom,  sides,  interior  bulkheads,  and 
frames  up  to  a  height  of  6  feet,  or  2  feet  from  the  top,  were  cast  in 
one  continuous  pour.  The  pontoons  complete,  with  all  accessories, 
cost  $44,111.76.  After  the  forms  were  stripped  the  sides  were  water- 
proofed by  the  ''Sylvester  process." 

Cristobal  coaling  plant. — The  Cristobal  coaling  plant  is  constructed 
at  the  north  end  of  the  island  formed  by  the  French  Canal  and  The 
Panama  Canal  as  now  constructed.  It  occupies  an  area  of  19  acres. 
Of  this  an  area  307  feet  by  500  feet  is  for  the  subaqueous  storage  of 
coal,  the  bottom  of  this  area  being  at  28  feet  below  mean  sea  level. 
The  rest  of  the  area  had  been  filled  in  and  leveled  off  at  elevation 
2  feet  above  mean  sea  level  with  material  excavated  by  the  dredges 
along  the  sides  of  the  wharves  constructed  as  part  of  the  coaling 
station.  This  area  is  provided  for  leasing  to  private  coal  dealers,  as 
the  pohcy  adopted  does  not  contemplate  the  United  States  creating 
a  monopoly  on  coal  for  vessels  utilizing  the  canal — merely  as  a 
regulator  of  prices. 

The  wharves  on  three  sides  of  the  area  reserved  for  subaqueous 
storage  are  constructed  by  6-foot  diameter  steel  cylinders  driven  to 
hard  rock,  excavated  and  filled  with  concrete  reinforced  with  vertical 
steel  rails.  The  caissons  for  the  end  wharf  were  completed  in  Decem- 
ber, 1915,  thereby  finishing  the  substructure.  Much  difficulty  was 
experienced  with  two  of  the  caissons  under  the  wharf  bunker,  which 
collapsed  in  August,  due  to  heavy  pressure  on  the  north  side.  After 
unsuccessful  attempts  had  been  made  to  drive  8-foot  cylinders  in 
their  places,  the  design  was  changed  by  substituting  6-foot  cylinders 
driven  one  on  each  side  of  the  two  8-foot  cylinders,  and  connecting 
them  after  they  were  driven,  excavated  and  filled  with  concrete  by 
a  heavy  steel  girder  upon  which  was  placed  the  main  girder  for  the 
floor  system.  The  foundations  of  the  wharves  consist  of  312  six-foot 
diameter  steel  cylinders  driven  to  hard  rock,  as  described  in  the  last 
annual  report.  To  fill  these  cylinders  20,917  cubic  yards  of  concrete 
were  required,  and  were  placed  at  a  cost  of  $4.7930  per  cubic  yard. 
The  concrete  floor  of  the  end  wharf  was  completed  in  January,  1916, 
which  completed  the  floor  system  of  the  area  surrounding  the  coaling 
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station.  A  system  of  floating  fenders  was  installed  to  breast  vessels 
abont  5  feet  away  from  the  concrete  docks.  An  oil  pipe  was  laid 
along  each  side  of  the  plant  across  the  end  wharf  and  across  the 
French  Canal  connecting  with  the  oil  supply  at  Mount  Hope,  This 
oil  line  was  provided  with  suitable  outlets,  so  that  fuel  oil  can  be  sup- 
plied to  vessels  lying  alongside.  Similar  arrangements  were  made  for 
supplying  water  to  vessels.  For  the  reinforced  concrete  floor  slab  and 
the  encasement  of  floor  girders  17,211  cubic  yards  of  concrete  were 
laid,  at  a  cost  of  $4.6351  per  cubic  yard. 

During  the  year  the  dredging  division  completed  the  excavation  to 
minus  41,  a  shp  250  feet  wide  along  the  unloader  wharf,  all  the 
entrance  basin  and  berthing  space  along  the  wharf,  and  approxi- 
mately 80  per  cent  of  the  slip  300  feet  wide  along  the  reloader 
wharf.  Under  the  wharves  coral  rock  and  sand  were  pumped  so  as 
to  form  a  retaining  waU  between  the  cylinders  to  2  feet  above  mean 
sea  level,  to  afford  a  protection  to  tlie  coal  in  subaqueous  storage 
against  wave  action. 

The  plant  to  operate  in  connection  with  this  coaling  station  con- 
sists of  four  unloading  towers,  two  stocking  and  reclaiming  bridges, 
steel  viaduct  and  reloader  towers,  together  with  a  conveyor  system 
for  the  wharf  bunker.  The  coal-handhng  machinery  and  accessories 
are  being  supphed  under  contracts  with  Augustus  Smith  and  the  Hunt 
Construction  Co.,  the  latter  company  furnishing  the  unloading  towers. 
Arrangements  were  made  looking  to  the  completion  of  the  unloading 
towers  ready  for  operation  by  September  1,  1915,  and  the  desirability 
of  using  these  for  handling  coal  to  ships  before  the  rest  of  the  plant 
was  completed  resulted  in  a  modification  of  the  contract  providing 
for  the  addition  of  two  loading-out  chutes  to  each  unloader  tower,  at 
an  aggregate  cost  of  $5,140.  The  expectation  as  to  the  completion 
of  the  unloading  part  of  the  plant  was  not  realized,  for  it  was  not 
completed  until  February,  1916.  The  tests  of  the  unloader  towers 
were  commenced  February  28,  1916.  Owing  to  the  fact  that  a  num- 
ber of  adjustments  and  modifications  were  considered  necessary  to 
correct  defects  and  deficiencies  in  order  to  secure  comphance  with  the 
specifications,  the  towers  were  not  accepted,  nor  have  they  yet  been 
accepted  by  The  Panama  Canal.  The  balance  of  the  plant  is  prac- 
ticaUy  completed  but  not  accepted. 

East  hreaTcwater. — The  east  breakwater  was  undertaken  to  break  up 
the  waves  created  by  the  trade  winds,  so  that  barges  and  small  boats 
might  lie  safely  alongside  ships  anchored  in  the  harbor  for  purposes 
of  coaling,  dehvery  of  supplies,  and  transfer  of  passengers.  It  is  a 
detached  breakwater  6,741  feet  in  length,  the  outer  end  2,000  feet 
from  the  extremity  of  the  west  breakwater,  and  the  inner  end,  as  now 
constructed,  4,500  feet  from  the  shore  at  Coco  Solo,  this  point  being 
determined  by  the  configuration  of  the  shore  and  adjacent  shoals, 
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wliicli  will  assist  in  breaking  up  tho  waves.  Its  outer  end  is  bent 
back,  forming  an  ell  235  feet  long. 

The  rock  used  in  its  construction  was  taken  from  Sosa  Hill,  on  the 
Pacific  side,  from  which  was  also  procured  such  armor  rock  as  could 
be  economically  quarried,  the  rest  of  the  armor  being  supplied  by 
concrete  blocks  manufactured  especially  for  the  purpose.  The  core 
rock,  dumped  from  either  side  of  a  double  trestle,  left  a  depression 
between  the  two  momids  thus  formed  which  was  filled  by  coral  ro"ck 
and  sand,  placed  by  a  suction  dredge  operating  in  the  vicinity  of 
Coco  Solo. 

Prior  to  the  beginning  of  the  year  the  trestle  used  in  constructing 
the  breakwater  had  been  washed  away,  as  noted  in  the  previous 
annual  report,  by  two  northers,  and  the  salvaging  of  trestle  material 
was  continued  untU  October  16,  1915.  A  large  amount  of  material 
was  recovered  and  used  again.  Work  on  the  new  trestle  was  com- 
pleted on  October  7.  A  single  track  trestle,  444  feet  long,  was  built 
for  the  ell,  and  1,644  linear  feet  of  double  track  were  driven,  equal  to 
a  total  of  1,866  linear  feet  of  double-track  trestle,  in  which  101,530 
linear  feet  of  pding  were  used. 

Quarry  operations  were  begun  as  soon  as  the  condition  of  the 
trestle  warranted,  and  in  order  to  procure  as  much  armor  rock  as 
possible,  the  quarry  was  operated  on  two  levels.  During  the  year 
503,659  cubic  yards  of  rock  were  excavated,  at  an  average  cost  of 
$0.5803  per  cubic  yard,  of  which  359,472  cubic  yards  of  core  and 
62,389  cubic  yards  of  armor  rock  were  shipped  to  the  east  break- 
water. In  securing  this  rock  7,433  cubic  yards  were  removed  in 
stripping. 

The  amount  of  wet  fill  handled  by  tlie  dredging  division  and  placed 
in  the  body  of  the  breakwater  aggregated  326,213  cubic  yards,  of 
which  155,036  cubic  yards  were  placed  during  the  year.  In  addition, 
134,502  cubic  yards  were  pumped  along  t]ie  trestle  connectuig  with 
the  shore  to  give  it  lateral  stiffness.  As  it  was  not  possible  to  make 
the  base  of  the  breakwater  sufficiently  broad  by  dumping  rock  from 
t}ic  trestle,  when  the  core-rock  fill  was  completed  tlic  toe  of  the  slope 
on  the  harbor  side  was  extended  by  dumping  hard  dredged  material 
from  scows  and  by  pumping  coral  rock  and  sand  from  a  borrow  pit 
near  the  shore  at  Coco  Solo.  The  scow  material  was  obtained  from 
excavation  near  the  Cristobal  coalmg  plant,  and  amounted  to  145,257 
cubic  yards.  Tlie  material  pumped  in  place  aggregated  541,857  cubic 
yards. 

To  secure  tlie  armor  rock  necessary  for  the  breakwater  from  the 
Sosa  HiU  quarry  would  have  required  wasting  a  considerable  amount 
of  additional  material,  which  would  have  added  greatly  to  the  cost 
of  the  armor,  and  tjiere  was  no  suitable  locality  in  the  vicinity  of 
the  quarry  where  the  waste  material  could  be  dumped.     An  exam- 
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ination  of  the  relative  costs  led  to  the  conclusion  that  it  would  be 
cheaper  to  substitute  for  this  rock  concrete  blocks.  A  contract  was 
entered  into  for  the  manufacture  of  10,000  of  such  blocks,  measuring 
7  feet  on  the  side,  containing  12.3  cubic  yards,  and  weighing  about 
50,000  pounds,  at  a  cost  of  $0,385  per  cubic  yard.  Under  this  con- 
tract there  were  delivered  and  placed  in  the  east  breakwater  6,182 
blocks,  and  590  blocks  were  used  in  repairing  the  west  breakwater 
which  was  damaged  by  the  norther  during  the  previous  year.  The 
material  used  was  run-of-bank  Chagres  gravel,  with  cement  in  the 
proportion  of  about  6  to  1.  This  niLxture  was  subsequently  changed 
to  4^  to  1.  Progi-ess  under  the  contract  for  blocks  was  not  satis- 
factory, and  in  order  to  increase  the  supply  of  blocks  over  those 
secured  under  contract  the  manufacture  of  blocks  by  hired  labor  was 
undertaken  at  Coco  Solo  and  at  the  coaling  station  by  the  terminal 
division.  The  blocks  manufactured  at  the  coaling  station  for  the 
breakwater  were  5  feet  3  inches  on  the  cube,  containmg  5.3  cubic 
yards.  The  mixture  was  run-of-bank  gravel  and  cement,  4^  to  1. 
Those  manufactured  at  Coco  Solo  measured  6  feet  3  mches  on  the 
side,  containing  9  cubic  yards  each  of  the  same  mixture.  The  total 
number  of  blocks  manufactured  at  Coco  Solo  was  3,644,  at  a  cost  of 
S3.6810  per  cubic  yard,  and  at  the  coaling  station  4,121,  at  a  cost  of 
$3.9934  per  cubic  yard. 

The  terminal  division  liad  supervision  over  the  construction  of  Pier 
No.  7  for  the  Panama  Raih'oad  Company.  The  dock,  with  the  excep- 
tion of  the  shed,  was  practically  complete  at  the  close  of  the  year; 
the  total  amount  expended  was  $1,366,815.02;  there  remains,  to 
complete  the  pier  for  operation,  the  erection  of  the  shed,  which  is 
now  in  progress. 

For  further  details  concerning  the  work  of  terminal  construction 
attention  is  invited  to  Appendix  C. 

BUILDING  DIVISION. 

The  building  division  continued  in  charge  of  Mr.  George  M.  Wells, 
resident  engineer,  and  was  subdivided  for  administrative  purposes 
mto  five  districts,  as  outlined  in  the  previous  aimual  report,  until 
September  1,  when,  due  to  the  advanced  stage  of  the  work,  the  Fort 
Amador  District  was  consohdated  with  the  Southern  District,  thereby 
reducing  the  number  to  four. 

The  division  had  charge  of  the  construction  of  all  new  buildings 
for  the  canal  and  the  Panama  Railroad,  maintenance  and  repaii'  of 
existing  canal  and  Panama  Railroad  buildmgs,  where  such  repairs 
exceeded  $50  in  cost  for  any  one  item,  and  the  construction  of  build- 
mgs for  the  Army  covered  by  appropriations  for  barracks  and 
quarters. 

The  method  adopted  last  year  of  constructing  each  buildmg  by 
what  may  be  termed  the  ''single-unit  organization,"  as  outlined  in 
63503°— IG 3 
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the  annual  report  for  1915,  was  continued,  and  the  results  obtained 
fully  justified  the  change  from  the  previous  method  of  swinging 
different  gangs  from  building  to  building.  With  a  foreman  in  charge 
of  each  building,  responsibility  is  fixed  and  a  healthy  rivahy  created 
with  resulting  economy  of  construction. 

In  1908,  after  the  building  division  as  it  then  existed  was  disbanded, 
a  number  of  the  foremen  remained  on  the  Isthmus  and  were  without 
work.  They  were  willing  to  furnish  labor  and  erect  buildings  by 
contract,  and  it  was  found  that  frame  buddings  could  be  constructed 
more  cheaply  by  this  method  than  by  hired  labor.  As  the  building 
program  for  the  year  was  a  large  one,  with  additional  work  of  the 
same  character  estimated  for  the  current  year,  it  was  decided  to 
ascertain  whether  the  contract  method  would  be  the  cheaper  under 
conditions  existing  at  present.  Consequently,  contracts  were  let  for 
the  construction  of  four  4-family  frame  houses  and  two  4-family 
concrete  houses.  These  were  located  on  the  same  streets  as  houses 
of  the  same  types  erected  by  canal  forces,  and  the  conditions  were 
identical.  The  results  show  a  material  saving  in  both  types  of  con- 
struction by  doing  the  work  by  the  hired-labor  method.  Subsequent 
to  the  completion  of  the  contracts  all  buddings  were  constructed  by 
hired  labor  exclusively,  while  the  costs,  if  anything,  have  been  still 
further  reduced. 

The  first  concrete  buildings  erected  were  of  hoUow  concrete  blocks, 
investigation  showing  this  method  to  be  cheaper  than  hollow  tiles, 
and  it  was  beUeved  that  solid  concrete  walls  would  be  too  damp  for 
this  climate.  Plaster  and  stucco  made  the  concrete  block  construc- 
tion more  expensive  than  poured  remforced  concrete.  Walls  of  con- 
crete, by  proper  treatment,  can  be  made  waterproof;  remforced 
concrete  is  more  substantial  and  resistant  to  earthquakes;  and  the 
concrete  block  construction  has  been  displaced  by  poured  reinforced 
concrete  for  mam  walls  and  floors,  with  blocks  for  partition  walls 
only.  To  avoid  the  expense  of  white  plaster,  the  interior  of  aU  con- 
crete buildings  are  now  finished  in  cement,  the  surface  being  treated 
mechanically  and  painted  m  suitable  colors. 

The  manufacture  of  hollow  concrete  blocks  was  continued  until 
December,  1915,  at  which  time  the  plant  was  closed  down.  The 
change  in  design  and  construction  of  concrete  buildings  eliminated 
the  necessity  for  blocks  in  larger  sizes  than  3  mch  by  12  inch  and  4 
inch  by  12  incli,  and  arrangements  were  made  to  consolidate  and 
reduce  the  size  of  tlie  plant.  Some  of  the  machines  were  modified 
so  as  to  produce  blocks  of  the  useful  dimensions. 

The  use  of  corrugated  iron  for  roofs  of  frame  buildings  has  been 
standard  on  the  Isthmus  from  the  beginning  of  canal  operations. 
For  temporary  frame  buildmgs,  subject  to  removal  and  reerection, 
this  material  is  most  satisfactory,  but  for  buddings  of  a  temporardy 
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permanent  cliaractor,  intended  to  remain  for  the  full  life  of  tiic  frame, 
12  to  15  years  at  least,  corrugated  iron  is  not  so  satisfactory  in  that 
it  deteriorates  rapidly,  is  a  soiu-ce  of  expense  for  upkeep,  and  is 
unsightly.  After  careful  consideration  and  experimentation  with 
various  kinds  of  roofing  material  it  was  decided  to  adopt  the  red 
asphalt  shingle  as  the  most  satisfactory  for  our  purpose,  first  cost, 
maiutenance,  and  durability  being  considered. 

At  the  beginning  of  the  fiscal  year  60  buildings  of  various  kinds 
were  under  construction.  During  the  year  these  were  completed 
and  68  additional  buildings  were  commenced  for  the  canal  and  the 
Panama  Railroad.  For  the  Army  43  buildings  were  under  construc- 
tion July  1,  1915.  These  were  completed  and  43  more  were  com- 
menced during  the  year  under  the  additional  appropriation  that 
became  available. 

Of  the  Panama  Canal  buildings  the  hospital  groups  were  the  largest. 
The  hospital  buildings,  at  the  beginning  of  the  operating  period,  were 
in  such  condition  that  some  were  deemed  unsafe  for  further  occu- 
pancy, and  all  were  in  a  dilapidated  condition,  the  greater  number 
at  Ancon  and  those  at  Colon  having  been  taken  over  from  the  French, 
and  therefore  in  use  for  a  number  of  years.  Estimates  were  prepared 
and  submitted  to  Congress  for  rebuilding  the  entire  j^lant  within  a 
period  of  five  years,  and  the  fijst  appropriation  was  made  available 
for  beginning  the  work  at  Ancon  and  for  the  construction  of  a  hos- 
pital at  Colon.  The  money  for  the  Ancon  unit  was  applied  to  two 
ward  buildings,  40  feet  by  138  feet,  accommodating  29  patients  in 
each  ward,  with  porches  entirely  surrounding  them.  A  service  sec- 
tion, 32  feet  by  92  feet,  connects  these  two  ward  grouj^s,  providing 
toilet  accommodations,  a  dining  room,  nurses'  rooms,  and  special 
rooms  on  each  floor.  AU  of  the  exterior  and  interior  walls  of  less 
than  6  inches  were  made  of  reinforced  concrete,  and  the  others  were 
built  up  of  cement  blocks  with  a  hard  smooth  cement-plaster  finish. 
The  floor  slabs  were  constructed  of  reinforced  concrete  and  most  of 
the  rooms  were  provided  with  red  or  white  tile  floors.  AU  of  the 
interior  walls  and  ceihngs  were  treated  with  enamel  washable  paint, 
which  gives  a  pleasing  effect  to  the  interior  and  makes  a  sanitary 
building.  The  roof  of  yellow  pine,  covered  with  red  vitreous  tile,  and 
having  suitable  copper  ventilators,  is  arranged  to  keep  a  good  circula- 
tion of  air  throughout  the  roof  space.  The  building  was  completed 
and  occupied  by  the  close  of  the  fiscal  year,  at  a  cost  of  $129,182.50. 
A  new  crematory  was  constructed  at  Ancon  on  a  site  selected  by  the 
hospital  authorities  and  approved  by  the  health  department,  notwith- 
standing the  objections  raised  to  its  location.  The  cost  was 
$13,126.24. 

The  Colon  Hospital  was  completed  on  Aprd.  10, 1916.  In  order  to 
meet  the  local  climatic  conditions,  the  pavihon  scheme  v/as  adopted. 
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which  divides  the  group  into  four  distinct  units  with  intercommu- 
nicating jDiissageways.  In  the  central  unit  are  located  the  operatmg 
suite  and  administrative  offices.  It  is  45  feet  wide  by  53  feet  6  inches 
long,  with  an  extension  in  front  24  feet  by  20  feet  4  inches,  which 
forms  a  covered  entrance  way  and  makes  provision  for  an  operating 
room  on  the  second  floor  with  exposure  on  three  sides.  The  ward 
buildings,  approximately  40  feet  by  120  feet,  on  either  side  of  the 
central  unit,  are  divided  into  various  wards  and  provide  rooms  with 
a  total  capacity  of  50  patients.  The  general-service  building,  41  feet 
by  S3  feet,  comprising  the  kitchen,  dining  rooms,  and  helpers'  quar- 
ters, also  has  a  central  location  directly  in  the  rear  of  the  adminis- 
tration unit.  All  exterior  porch  and  intermediate  walls  6  inches  and 
over  were  constructed  of  reinforced  concrete  and  interior  walls  hav- 
ing a  thickness  less  than  6  inches  of  cement  block  covered  with 
smooth  hard  cement  finish.  The  roof  is  similar  in  construction  to 
the  Ancon  building.     The  cost  of  the  hospital  was  $172,169.70. 

A  new  building,  covering  an  area  of  147  feet  8  inches  by  42  feet  8 
inches,  was  constructed  during  the  year  at  Balboa,  in  close  proxim- 
ity to  the  piers  and  docks  of  the  Pacific  terminal  of  the  canal  as  a 
terminal  building  at  a  cost  of  $70,594.76.  It  is  for  the  general  offices 
of  the  receiving  and  forwarding  agent  of  the  Panama  Railroad,  the 
captain  of  the  port,  and  pilots'  dormitories.  It  is  three  stories  in 
height,' the  first  being  utihzed  by  the  Panama  Railroad,  the  third 
by  the  captain  of  the  port,  while  the  second  story  is  divided  into 
offices,  which  are  rented  individually  or  en  suite  as  offices  for  various 
steamship  companies  using  the  canal. 

A  new  ice  plant  was  constructed  for  the  Panama  Railroad  com- 
missary at  Balboa  and  a  new  laundry  at  Ancon.  Both  are  of  rein- 
forced concrete  and  cost  $130,683.79  and  $73,000,  respectively. 

Extensive  repairs  were  made  to  the  old  Ancon  Administration 
Building.  The  porches  were  badly  ant  eaten  and  rotted,  as  were 
the  floor  and  other  parts  of  the  building.  It  is  now  in  good  condi- 
tion, reinforced  concrete  being  used  wherever  practicable.  The  ren- 
ovation cost  $27,960.85.  It  is  utilized  in  part  by  the  District  Court 
of  the  Canal  Zone  and  offices  for  the  court  officials,  by  the  special 
attorney,  and  the  rooms  not  needed  by  the  canal  are  at  present 
utilized  as  headquarters  of  the  Army. 

The  office  and  store  building,  in  connection  with  the  Cristobal  coal- 
ing plant,  Vv'as  constructed  by  the  building  division,  as  were  also  the 
needed  buildings  in  connection  with  the  dry  dock  and  the  coal  bunker 
at  Balboa. 

When  the  appropriation  for  the  construction  of  barracks  and  quar- 
ters for  the  Army  was  turned  over  for  expenditure  by  the  canal  forces, 
plans  for  the  barracks  were  made  in  accordance  with  types  furnished 
by  the  Quartermaster  Corps,  United  States  Army;  and  the  types  of 
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quarters  were  determined  by  a  board  of  ofTicers  consisting  of  Col. 
William  F.  Blauvelt,  Lieut.  Col.  Charles  F.  Mason,  Maj.  B.  T.  Clay- 
ton, Maj.  WiUiam  E.  Cole,  and  Capt.  R.  E.  Wood.  The  building 
program  was  in  accordance  with  the  estimates  submitted  as  the 
basis  for  the  appropriation.  In  addition  to  completing  all  those  esti- 
mated, from  the  same  appropriation  quarters  were  provided  for  the 
Commanding  General  and  his  staff  and  such  other  buildings  as  were 
authorized  by  the  Secretary  of  War. 

For  further  details  concerning  the  operations  of  the  building  divi- 
sion, together  with  costs  of  various  buildings,  attention  is  invited  to 
Appendix  D. 

OPERATION  AND  MAINTENANCE. 

The  engineer  of  maintenance,  Lieut.  Col.  Chester  Harding,  United 
States  Army,  was  in  charge  of  the  maintenance  and  operation  of  the 
locks  and  had  supervision  over  the  electrical  and  municipal  divisions, 
meteorology  and  hydrography,  general  surveys,  and  the  office  engi- 
neer. On  November  1,  1915,  the  fortification  construction  work  was 
transferred  to  the  engineer  of  maintenance,  and  on  June  1,  1916,  the 
work  remaining  uncompleted  under  the  terminal  construction  divi- 
sion was  transferred  to  his  charge. 

When  the  change  in  organization  provided  by  the  Panama  Canal 
act  was  under  consideration,  I  made  the  recommendation,  under  date 
of  November  14,  1913,  that  the  engineer  of  maintenance  succeed  to 
the  vacancy  in  the  office  of  Governor  of  The  Panama  Canal,  thereby 
assuring  a  succession  which  would  result  in  a  stable  organization.  I 
recommended  the  assignment  of  Lieut.  Col.  Harding  for  duty  with 
the  canal  as  engineer  of  maintenance  with  this  idea  in  view.  With 
the  main  work  completed  and  the  reorganization  effected,  I  rec[uested 
relief  from  office  effective  November  1,  and  as  this  was  authorized,  I 
requested  the  assignment  of  Lieut.  Col.  Jay  J.  Morrow,  LTnited  States 
Army,  for  duty  with  the  canal,  with  the  prospect  of  his  becoming 
engineer  of  maintenance  should  the  plan  originally  proposed  be  car- 
ried out.  He  was  assigned  to  duty  as  assistant  to  the  engineer  of 
maintenance  on  August  19,  1915.  I  submitted  my  resignation  effec- 
tive November  1,  and  when  enroute  to  the  canal  to  wind  up  my 
affairs  I  learned  of  the  conditions  that  had  been  produced  by  reason 
of  the  shdes,  in  consequence  of  which  I  requested  the  withdrawal  of 
my  resignation,  and  Lieut.  Col.  Morrow  has  continued  on  duty  with 
the  canal,  performing  the  duties  of  engineer  of  maintenance  during 
the  absences  of  Lieut.  Col.  Harding  and  myself  from  the  Isthmus,  and 
at  other  times  rendering  important  service  to  the  canal  on  fortifica- 
tion and  other  work. 

Unexpected  difficulties  developed  at  the  locks,  so  far  as  concerns 
their  maintenance,  ui  the  protective  paints  used  on  the  gates  and 
from  the  electrolytic  action  in  the  valves  and  their  various  parts. 
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At  the  time  the  locks  were  watered  all  the  gates  had  been  painted 
and  put  in  first-class  condition.  The  interiors  of  the  gates  were 
coated  with  bitumastic  enamel  under  a  five-year  guarantee,  and  the 
exteriors  covered  with  various  kinds  of  submarine  paints. 

When  the  floating  caisson  arrived  in  December,  1914,  it  was  in- 
stalled at  the  lower  east  lock  at  Miraflores  and  the  chamber  pumped 
out,  permitting  an  examination  of  the  gates,  valves,  and  fixed  irons. 
At  that  time  they  were  found  to  be  in  good  condition,  although  there 
was  some  rusting  of  the  plates  and  rivets.  In  January,  1915,  the 
west  chamber  at  Miraflores  was  pumped  out  after  being  submerged 
about  15  months.  The  paint  on  the  gates  was  blistering  badly,  and 
from  experience  gained  from  various  paints  applied  at  other  lock 
gates  it  was  decided  that  something  must  be  adopted  that  would  give 
better  protection  than  anything  in  the  paint  line  that  had  yet  been 
used.  Difficulty  had  been  experienced  with  paints  applied  to  the 
spillway  gates  at  Gatun,  and  because  of  the  condition  of  the  interior 
of  the  gates  on  which  bitumastic  enamel  had  been  used  it  was  decided 
to  test  out  the  use  of  this  material  on  one  of  the  spillway  gates.  It 
appeared  to  give  adequate  protection,  and  as  the  contractor  guaran- 
teed the  effectiveness  of  his  material  for  five  years  a  contract  was 
entered  into  for  coating  all  of  the  lock  gates  with  bitumastic  enamel. 
The  gates  at  Gatun  were  coated  and  the  work  fuiished.  Due  to  the 
condition  of  the  pumps  in  the  caisson,  the  impeller  blades  of  cast  iron 
being  entirely  eaten  away,  work  on  the  Pacific  side  was  not  com- 
pleted. 

Observations  during  the  past  year  disclosed  that  the  corrosive 
action  on  the  cyhndrical  valves  has  been  severe.  In  July,  1915,  the 
west  flight  of  Gatun  Locks  was  drained,  and  aU  the  accessible  cylin- 
drical valves  were  examined.  Marked  corrosion  was  taking  place  on 
certain  parts  of  the  valves,  although  the  entire  valve  was  made  of 
cast  iron  or  steel,  no  bronze  parts  being  adopted  in  the  original 
design.  In  the  lower  level  an  average  of  75  per  cent  of  the  seal 
segment  nuts  were  corroded;  in  some  cases  fully  half  the  nut  had 
disappeared.  It  was  also  found  that  the  bolts  holding  the  stojis  in 
place  were  in  such  condition  that  they  had  to  be  replaced  in  every 
valve  in  the  lower  level.  All  valves  were  put  in  good  condition  and 
painted  with  red  lead.  On  the  Pacific  locks  no  examination  was 
made  of  the  valves  at  Pedro  Miguel  or  those  on  the  west  side  of  the 
Miraflores  center  wall,  but  the  east  valves  at  this  site  were  fomid  to 
be  in  good  condition;  however,  as  all  painted  surfaces  of  the  valves 
had  failed,  it  was  decided  to  coat  all  exposed  iron  and  steel  surfaces 
with  enamel,  and  a  contract  was  entered  into  for  doing  this  work. 

Considerable  corrosion  has  taken  place  in  the  rising  stem  valves. 
The  half-inch  plates  have  been  attacked  in  a  manner  similar  to  those 
on  the  lock  gates,  and  portions  in  the  vicinity  of  the  rivets  in  the  lower 
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valves  at  Gatun  and  the  upper  unci  lower  valves  at  Miraflores  have 
been  violently  attacked.  The  bottom  seal  casting  of  the  valve  which 
comes  in  contact  with  the  babbitt  metal  seal  on  the  bottom  of  the 
valve  is  being  rapidly  eaten  away.  A  number  of  the  valves  at  the 
Pacific  locks  were  in  such  condition  that  the  bottom  seal  had  to  be 
machined  off  to  make  the  valve  tight.  In  order  to  protect  the  valve 
from  any  further  electrolytic  action  between  the  cast-steel  seal  and 
the  lower  babbitt  metal  seal,  all  babbitt  metal  was  removed  and 
replaced  with  a  seal  of  greenheart  lumber.  Some  of  the  bronze  side 
seals  and  springs  were  found  to  be  broken  both  at  Miraflores  and 
Gatun.  Otherwise  the  seals  were  in  good  condition  and  required  only 
a  small  amount  of  draw  filing  to  make  the  contact  surfaces  perfect. 
The  top  gate  valve  seal  is  of  cast  steel  and  is  held  in  place  by  bronze 
bolts.  In  practically  every  instance  the  corrosion  has  been  excessive 
around  the  heads  of  the  bronze  bolts,  cutting  away  the  metal  and 
in  some  cases  allowing  the  bolts  to  loosen  and  fall  out.  Several  cast- 
ings had  to  be  replaced.  The  worst  case  of  corrosion  of  the  seal 
occiu'red  on  the  upper  valves  at  Miraflores. 

At  Gatun  practically  all  valves  were  installed  with  fixed  side  seal 
castings,  which  aU  gave  evidence  of  considerable  corrosion,  but  not 
sufficient  to  cause  any  leaks.  At  Miraflores  removable  side  seal  strips 
w^ere  of  machinery  steel,  and  in  every  case  corrosion  had  reached 
such  a  point  that  aU  side  seals  had  to  be  replaced.  Inasmuch  as  the 
corrosion  had  apparently  been  aided  by  the  proximity  of  the  bronze 
side  seals  which  bear  upon  them,  it  was  decided  to  replace  all  ma- 
chinery steel  with  lignum-vitse  wood,  in  this  w^ay  tendmg  to  place  an 
insulating  substance  in  contact  with  the  bronze.  All  porous  con- 
crete around  the  fixed  irons  was  removed  and  replaced  with  cement, 
and  wherever  babbitt  metal  had  been  used  to  fill  the  recessed  holes  for 
bolt  heads  at  the  Pacific  locks  the  metal  was  removed  and  replaced 
with  cement. 

At  both  the  Atlantic  and  Pacific  locks  considerable  corrosion  of 
roUer  trains  has  occurred,  the  rollers  of  which  are  made  of  tool  steel. 
At  the  Atlantic  locks  a  number  of  rollers,  bolts,  and  filler  castings 
were  missing.  All  were  replaced,  and  the  heads  of  aU  bolts  were 
riveted  over  to  prevent  further  losses.  Similar  conditions  were  found 
at  the  Pacific  locks,  and  as  it  is  impossible  to  protect  the  rollers  by 
any  paint,  arrangements  were  made  to  install  one-half  inch  pipe  from 
the  tunnel  floors  down  to  the  base  of  the  roller-train  tracks.  Crude 
oil  is  forced  through  the  pipes,  and  it  is  believed  from  the  results  of 
experiments  made  with  a  model  that  the  crude  oil  wiU  rise  along  the 
surface  of  the  roller-train  track  and  in  this  w^ay  protect  the  roUers  by 
coating  them  with  oil. 

As  a  result  of  the  examination  of  the  valves  at  Gatun  it  was  decided 
to  have  them  coated  with  bitumastic  enamel.     At  the  Pacific  locks 
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more  complete  protectire  measm-es  were  taken,  as  follows:  (1)  All 
bronze  side  seals  were  lined  up  and  strips  of  zinc  bolted  to  the  valve 
each  side  of  the  seals  at  the  bottom  of  the  valve;  (2)  where  necessary, 
the  bottom  valve  seal  was  machined  off  to  give  sohd  metal  contact 
with  the  bottom  seal;  (3)  all  removable  side  seal  strips  were  taken 
out  and  replaced  with  lignum-vitre  wood  strips.  Where  removable 
strips  were  not  installed,  the  fixed  irons  were  milled  down  to  take  the 
wooden  side  seals;  (4)  all  babbitt  metal  used  in  the  assembly  of  the 
valve  for  imbedding  and  protecting  boltheads  from  corrosion  and  for 
calking  purposes  was  removed  and  replaced  with  cement;  (5)  all 
babbitt  metal  used  in  the  bottom  seal  was  removed  and  replaced  ^sath 
greenheart  lumber;  (6)  all  steel  work  of  the  valve  was  coated  with 
bitumastic  enamel.  This  left  only  the  bronze  side  seals  exposed; 
(7)  all  fixed  irons  were  coated  with  bitumastic  enamel;  (8)  the  chan- 
nel-iron supports  for  the  rollers  were  coated  with  bitumastic  enamel 
and  arrangements  made  to  lubricate  the  roller  trains  and  tracks  with 
crude  oil  during  operation  and  while  the  valves  are  submerged;  (9) 
all  submerged  portions  of  the  valve  stems  were  coated  with  bitumastic 
enamel;  (10)  all  bronze  bolts  are  being  replaced  with  steel  as  fast  as 
breakage  occurs. 

On  October  10,  1915,  the  counterweight  of  spillway  gate  No.  13 
at  Gatun  gave  way  and  dropped  into  its  pit,  demolishing  all  weights. 
This  machine  had  not  been  operated  for  several  days,  and  v/as  not 
being  operated  at  the  time  of  the  accident.  On  investigation  it  was 
found  that  aU  four  manganese  bronze  counterweight  bolts  had  given- 
way.  Each  spillway  counterweight  consists  of  56  cast-iron  blocks 
weighing  750  pounds  each,  resting  on  a  cast-iron  base  plate  and  sup- 
ported by  four  l|-inch  manganese  bronze  bolts  running  into  a  cast 
steel  yoke  at  the  top.  The  total  weight  of  the  counterweight  is 
45,700  pounds,  and,  assuraing  that  the  load  is  equally  distributed, 
each  bolt  supports  11,425  pounds,  or  a  stress  of  4,750  pounds  per 
square  inch  of  metal.  Sections  of  the  bolts  were  sent  to  the  mechani- 
cal division  for  test,  which  gave  an  ultimate  tensile  strength  of  61,400 
pounds  and  63,900  pounds  per  square  inch,  respectively,  for  the  two 
bolts  tested.  This  would  indicate  a  factor  of  safety  of  about  13. 
All  guard-valve  counterweight  bolts  were  examined  and  instructions 
given  to  replace  the  defective  ones  with  steel  bolts.  An  examination 
of  the  Miraflores  spillway  counterweight  bolts  resulted  in  finding 
two  bolts  broken  off  at  the  head  and  others  with  surface  cracks,  indi- 
cating probable  failure.  All  counterweight  bolts  of  the  spillway  gate 
machines  have  been  replaced  with  steel,  and  bronze  bolts  are  being 
replaced  with  steel  wherever  failures  occur. 

On  September  4,  1915,  the  S,  S.  Luz  Blanca  approached  the  lower 
end  of  Miraflores  Locks  while  the  chain  fender  was  up  and  the  sema- 
phore in  the  danger  position.     The  vessel  struck  the  fender  and  with- 
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out  appreciably  stopping  its  headway  broke  the  chain.  The  fact  tliat 
the  machine  had  been  blocked  made  it  impossible  for  the  fender  to 
operate,  but,  nevertheless,  the  apparent  ease  with  which  the  vessel 
went  through  the  chain  called  attention  to  the  desirability  of  a  work- 
ing test  to  determine  the  effectiveness  of  the  fenders,  and  a  committee 
was  appointed  to  make  a  series  of  experiments  upon  one  of  the  chain- 
fender  machines  at  Gatun.  Considerable  data  were  obtained,  and 
the  results  of  the  tests  indicated  that  the  chain-fender  machines  will 
operate  satisfactorily  when  properly  adjusted,  and  that  no  difficulty 
would  be  encountered  in  stopping  any  vessel  approaching  the  locks 
at  a  speed  under  two  miles  per  hour.  Some  minor  modifications  were 
made  in  the  apparatus. 

Owing  to  the  fact  that  the  slides  in  Gaillard  Cut  interfered  v/ith  the 
operation  of  the  canalbetween  September  18,  1915,  and  April  15, 1916, 
the  number  of  lockages  made  during  the  year  does  not  compare  favor- 
ably with  those  of  the  previous  year.  The  number  of  lockages  at 
Gatun  was  2,254,  of  which  1,779  were  commercial  lockages  for  1,980 
vessels;  at  Pedro  Miguel  2,317  lockages,  of  which  1,825  w^ere  commer- 
cial lockages  for  1,925  vessels;  at  Miraflores  2,277  lockages,  of  which 
1,842  were  commercial  lockages  for  1,926  vessels.  The  number  of 
commercial  vessels  exceeds  the  number  of  commercial  lockages,  due 
to  the  fact  that  whenever  possible  tandem  lockages  were  made,  i.  e., 
two  vessels  were  locked  through  at  the  same  time.  The  difference 
between  commercial  lockages  and  all  lockages  is  accounted  for  by 
the  fact  that  there  is  no  record  given  of  the  number  of  canal  barges, 
tugs,  launches,  etc.,  which  were  locked  through  from  time  to  time. 

ELECTBICAL  DIVISION. 

This  division  continued  in  charge  of  Capt.  "William  H.  Rose,  United 
States  Army.  The  duties  of  the  division  comprised  the  operation  of 
all  steam  and  hydroelectric  power  plants,  the  Balboa  air  compressor; 
the  electrical  transmission  and  distribution  systems,  and  house  and 
street  lighting  systems;  the  telephone,  telegraph,  and  automatic  rail- 
way signal  system  of  the  Panama  Railroad;  the  design  and  construc- 
tion of  all  extensions  and  additions  to  such  systems;  and  the  instal- 
lation, operation,  maintenance,  and  repair  of  electrical  apparatus  of 
all  kinds  for  other  departments  and  divisions  of  The  Panama  Canal. 

The  hydroelectric  station  at  Gatun,  the  Miraflores  steam-power 
plant,  and  the  substations,  high  tension  transmission  lines  and  dis- 
tribution lines  were  operated  satisfactorily  during  the  year.  The 
old  steam-generating  station  at  Gatun  was  dismantled,  and  the  turbo- 
generators, boilers,  and  other  equipment  installed  in  the  Miraflores 
plant  extension,  which  was  constructed  for  the  purpose. 

New  water  wheels  of  4,400  h.p.  v/ere  ordered  for  the  main  generating 
units    of    the    Gatun   hydroelectric    station,    which   will    result   in 
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increasing  the  capacity  of  the*  station  by  about  40  per  cent.  New 
cable  feeders,  oil  switches,  and  other  auxiliaries  for  taking  care  of  this 
increased  output  have  also  been  ordered,  as  well  as  two  new  4,000 
k.v.a.  44,000  volt  transformers  for  the  Gatun  substation. 

Attention  was  caUed  last  year  to  the  necessity  for  arranging  for 
increased  power,  and  the  appropriations  for  the  coming  year  provide 
for  an  extension  to  the  hydroelectric  station  by  the  construction  of 
another  budding  of  the  same  size  as  the  present  one,  the  addition 
of  three  new  penstocks  and  one  nev/  4,500  k.w.  generator  unit.  It 
has  been  found  advisable  to  change  the  voltage  of  the  generating 
station  from  2,300  to  6,600  volts  to  reduce  the  number  and  cost  of 
feeder  cables  between  the  hydroelectric  station  and  the  Gatun  sub- 
station. 

The  average  production  cost  of  current  of  the  hydroelectric  station 
during  the  fiscal  year  was  $0.0006  j^er  k.w.  hour,  including  all  opera- 
tion, maintenance,  repair,  and  division  overhead  charges,  but  not  in- 
cluding depreciation.  Including  a  charge  of  3  percent  of  the  cap- 
ital cost  of  the  entire  power  system  for  depreciation,  the  cost  of  gen- 
erating power  at  the  hydroelectric  station  was  $0.0027  per  k.w.  hour; 
as  distributed  from  substations,  including  all  charges,  the  cost  of  the 
current  for  power  purposes  was  $0.00773  per  k.w.  hour.  The  cost 
for  lighting  service,  including  the  maintenance  of  house  lighting  sys- 
tems and  lamp  renewals,  was  $0.0145  per  k.w,  hour. 

The  cast-iron  liner  plates  and  floor  plates  installed  on  the  baffle 
piers  of  the  Gatun  spillway  were  in  such  condition  as  to  necessitate 
replacement.  Tlie  concrete  behind  the  iron  liner  plates  was  badly 
rotted  away  and  while  thoroughly  repaired  the  action  since  has  been 
such  as  to  necessitate  another  overhauling  during  the  next  dry 
season. 

On  June  30,  1916,  1,878  telephones  were  in  service.  During  the 
last  six  months  of  the  year  there  was  an  average  of  15,165  telephone 
calls  per  day. 

A  large  amount  of  construction  was  done  by  this  division  on  under- 
ground conduit  lines  and  underground  and  overhead  distribution 
lines,  as  well  as  in  street  and  yard  lighting  systems.  Motor-driven 
pumps  were  installed  at  Mount  Hope  Dry  Dock.  Two  hydroelectric 
graders  for  the  dredging  division  work  on  the  slides  were  fitted  up; 
electrical  equipment  was  installed  on  four  berm  cranes  for  the  Balboa 
coaling  plant  and  in  the  pumping  and  air  compressor  plant  at  Balboa 
Dry  Dock.  Lighting  and  power  systems  were  designed  and  material 
purchased  for  Pier  No.  7  at  Cristobal  and  Pier  No.  IS  at  Balboa. 
Most  of  the  work  on  the  latter  pier  was  completed. 

Meters  were  installed  for  The  Panama  Ganal  and  for  the  Army  in 
in  383  houses.  Designs  and  specifications  were  prepared  and  material 
purchased  and  installed  for  electrical  installation  in  all  new  buildings 
constructed  for  the  canal  and  for  the  Army. 
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MUNICIPAL  ENGINEERING  DIVISION. 

The  organization  of  the  municipal  engineering  division  remained 
unchanged  and  continued  in  charge  of  Mr.  D.  E.  Wright,  as  municipal 
engineer.  The  municipal  division  has  charge  of  all  water-supply  sys- 
tems on  the  Canal  Zone,  including  the  operation  of  the  water-purifi- 
cation plants. 

The  water  supply  for  the  Isthmus,  with  the  exception  of  that  for 
the  three  mihtary  posts  on  the  west  side  of  the  canal,  is  furnished  by 
three  systems.  The  water  for  points  north  of  Gatun,  with  the  ex- 
ception of  Toro  Point,  is  furnished  by  the  Mount  Hope  plant,  which 
includes  the  pumping  station  and  the  water-purification  plant  located 
at  Mount  Hope.  The  water  is  taken  from  the  Brazos  Brook  Reser- 
voir, supplemented  by  water  obtained  from  Gatun  Lake,  at  elevation 
plus  75,  through  a  20-inch  pipe  laid  in  a  tmmel  6  feet  by  6  feet.  The 
average  amount  of  water  handled  at  this  station  durinf^  the  year  was 
131,232,000  gallons  per  month. 

The  water  for  Gatun  and  Gatmi  Locks  is  furnished  by  the  plant 
located  at  Agua  Clara,  and  is  obtained  from  the  Agua  Clara  Reser- 
voir, purified  in  the  filtration  plant  located  near  the  reservoir  and 
forced  by  pumps  at  this  station  through  the  distribution  system,  sup- 
plying Gatun  and  the  locks,  and  also  to  a  300,000-gallon  concrete 
reservoir  located  H  miles  east  of  Gatun,  which  acts  as  a  surge  tank. 
The  average  amount  of  water  handled  at  this  station  during  the  year 
was  22,580,000  gallons  per  month. 

The  water  for  Paraiso  and  all  points  south,  including  Panama  City, 
is  furnished  by  the  Mirafiorcs  plant,  which  includes  the  pumping 
station  at  Gamboa,  Miraflores,  and  Balboa,  and  the  purification  plant 
at  ^iiraflores,  together  with  the  distribution  systems  and  reservoirs. 
The  water  is  obtained  from  the  Chagi^s  River  at  Gamboa,  and  is 
pumped  from  there  to  Miraflores,  from  which  point,  after  purification, 
It  IS  supplied  to  all  points  south  of  Paraiso  and  east  of  the  canal. 
The  total  quantity  of  water  handled  by  this  system  during  the  year 
amounted  to  an  average  of  248,963,000  gallons  per  month. 

The  municipal  division  also  has  charge  of  the  water-supply  sys- 
tems for  the  troops  on  the  west  side  of  the  canal,  the  water  at  these 
pomts  being  obtained  from  the  Rio  Grande  andComacho  Reservoirs, 
and  pumped  through  the  distribution  systems  to  supply  the  posts. 
Small  pumping  plants  are  also  operated  at  Monte  Lirio  and  Frijoles, 
to  furnish  water  for  the  settlements  at  those  points. 

The  maintenance  of  the  roads,  streets,  and  sidewalks  in  the  Canal 
Zone,  and  of  the  streets  in  the  cities  of  Panama  and  Colon,  is  also  a 
part  of  the  work  of  the  municipal  division.  The  work  in  the  terminal 
cities  IS  performed  for  the  Panaman  Government  and  the  expenses 
repaid  from  the  water  rents  collected  in  these  two  cities. 
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A  large  amount  of  road-construction  work  was  carried  on  during 
the  year,  particularly  in  the  Southern  District  in  and  around  Balboa 
and  Ancon.  The  extension  of  the  Balboa  townsite  improvements 
was  commenced  in  March,  and  was  in  progress  during  the  rest  of  the 
year.  This  consists  of  the  necessary  grading,  the  construction  of 
streets,  and  the  installation  of  water  and  sewer  hues  in  that  part  of 
Balboa  lying  between  the  existing  town  and  Ancon  Hill,  to  take  care 
of  new  quarters  to  be  built  during  the  current  year.  All  of  the  road 
construction  was  of  Telford  base  with  concrete  asphalt  surface. 

Several  important  items  of  construction  work  were  performed  by 
the  municipal  division  for  other  divisions  of  The  Panama  Canal,  the 
Panama  Railroad,  and  the  Army,  and  a  part  of  the  work  was  still  in 
progress  at  the  close  of  the  year.  The  principal  items  consisted  of 
water  and  sewer  systems,  roads  and  pavem^ents  for  the  Army  posts 
at  Fort  Amador  and  Fort  Randolph,  and  the  construction  of  pave- 
ments and  grading  around  the  Balboa  shops  and  terminals. 

In  connection  with  the  water-supply  systems  of  the  Zone,  Mr. 
George  C.  Bunker  is  employed  as  physiologist,  in  charge  of  the  purifi- 
cation plants  and  the  work  of  the  laboratories  connected  theremth. 
Notes  on  the  results  of  his  investigations  of  tropical  waters  during 
the  past  year,  carried  on  by  him  and  under  his  direction,  were  set 
forth  in  a  report,  and  are  of  such  interest  as  to  warrant  their 
publication.  They  will  be  found  accompanying  the  report  of  the 
municipal  engineer,  in  Appendix  A. 

METEOROLOGY  AND  HYDROGRAPHY. 

This  division  continued  in  charge  of  Mr.  F.  D.  Willson,  chief  hydrog- 
raphcr.  The  tide  gauge  at  Balboa  was  moved  on  September  19, 
1915,  from  the  old  location  under  the  Panama  Railroad  steel  pier  to 
the  new  concrete  dock  No.  18.  Arrangements  were  made  whereby 
the  weather  conditions  prevailing  over  the  Caribbean  Sea,  the  Gulf 
of  Mexico,  and  the  South  Atlantic  Ocean  each  day  at  2  p.  m.  are 
received  and  distributed  to  the  port  captains  and  other  shipping 
interests.  At  the  rec^uest  of  the  Argentine  Government  the  daily 
weather  conditions  prevailing  over  the  Canal  Zone  at  8  a.  m.  are 
cabled  to  Buenos  Aires. 

The  rainfall  for  the  calendar  year  1915  was  above  the  average  at  10 
stations  and  deficient  at  8  stations.  The  average  precipitation  over 
the  Pacific  section  was  74.98  inches;  over  the  central  section  102.61 
inches,  and  over  the  Atlantic  section  148.60  inches.  The  maximum 
24-hour  rainfall  recorded  during  the  year  was  8.30  inches  at  Gatun 
on  April  3  and  4.  The  rainfall  during  the  first  six  months  of  1916  has 
been  above  normal  over  the  Pacific  section  and  southern  part  of  the 
central  section,  and  below  normal  over  the  Atlantic  section  and 
northern  part  of  the  ( entral  section. 
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The  average  temperature  for  the  year  1915  was  near  the  normal 
on  the  Pacific  coast,  and  approximately  1  degree  Fahrenheit  above 
the  normal  on  the  Atlantic.  At  Balboa  Heights  the  maximum  tem- 
perature was  93°  F.,  on  April  11,  and  the  minimum,  on  January  31, 
69°  F.  At  Colon  the  maximum  was,  on  September  27,  91°  F.,  and 
the  minimum  on  February  10,  72°  F. 

The  wind  movement  over  the  Canal  Zone  for  the  year  1915  was 
slightly  over  the  average.     Northerly  winds  prevailed. 

No  fogs  were  observed  during  the  year  1915  at  the  Atlantic  coast, 
but  a  total  of  three  fogs  was  observed  at  the  Balboa  Heights  station 
near  the  Pacific  coast.  Numerous  fogs  were  observed  at  the  interior 
stations  where  fog  records  are  kept,  and  practically  all  observed 
lifted  or  were  dissipated  by  8.30  a.  m. 

Fifty-nine  seismic  tremors  were  recorded  at  the  Balboa  Heights 
seismological  station  during  the  fiscal  year.  Six  of  these  disturbances 
were  of  sufTicient  intensity  to  throw  the  pens  from  the  instruments, 
and  quite  a  number  were  strong  enough  to  be  generally  felt  in  the 
Canal  Zone.  Most  of  the  tremors  were  of  comparatively  local  ori- 
gin, less  than  600  miles  distant.  There  was  an  apparent  revival  of 
activity  in  the  Los  Santos  Province  that  reached  the  maxima  dming 
the  latter  part  of  November,  1915,  and  during  the  first  part  of  Feb- 
ruary, 1916.  After  this  time  the  scene  of  activity  shifted  to  the 
northwest,  culminating  in  the  tremors  of  April  26,  during  one  of 
which  considerable  damage  was  done  to  the  wharf  and  merchandise 
stocks  of  the  United  Fruit  Co.  at  Bocas  del  Toro.  The  intensities  of 
the  various  shocks  varied  from  I  to  V  on  the  Rossi-Forel  scale  of  I  toX. 

The  yield  of  the  Gatun  Lake  watershed  during  the  dry  season 
months  of  1916,  January  to  April,  inclusive,  was  normal,  or  an  actual 
yield  of  2,200  second-feet  against  an  estimated  yield  of  2,160  second- 
feet.  It  was  necessary  to  waste  during  January  over  2,000,000,000 
cubic  feet  of  water,  but  during  February,  March,  and  April  the  inflow 
was  exceeded  by  water  usage  for  municipal  purposes  and  evapora- 
tion. From  January  1  to  May  1  the  lake  was  lowered  0.42  of  a  foot, 
representing  a  loss  of  1.95  billion  cubic  feet  of  storage.  Tlie  2,000,- 
000,000  cubic  feet  of  water  which  were  spilled  after  all  the  regular 
demands  for  water  had  been  met  v/ould  have  been  sufficient  to  pro- 
vide for  approximately  330  lockages  in  addition  to  those  actually 
made  during  the  dry  season.  There  were  no  large  freshets  during 
the  year  1915,  although  the  yield  of  the  watershed  was  the  largest 
in  the  1911-1915  period,  the  time  Gatun  Lake  has  been  an  actual 
body  of  water. 

From  a  study  made  of  the  water  supply  for  the  canal  it  was  ascer- 
tained that  an  average  of  7.21  million  cubic  feet  of  water  were  used 
for  each  through  lockage  from  ocean  to  ocean;  that  an  average  of 
12,787.47  milhon  cubic  feet  of  water  was  wasted  over  Gatun  spill- 
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way,  or  a  sufficient  quantity  of  water  to  make  1,773  thi'ough  lockages 
each  month.  Based  on  30-day  operation  this  would  mean  59  lock- 
ages per  day  over  and  above  the  average  traffic  for  the  past  year. 
In  this  connection  it  may  be  stated  that  the  maximum  number  of 
lockages  which  can  be  made  in  24  hours  is  48,  assuming  that  one 
vessel  leaves  the  upper  ffight  at  Gatun  just  as  another  enters  the 
lower  chamber,  and  vice  versa,  both  chambers  being  used. 

SURVEYS. 

The  surveys  were  handled  by  parties  under  the  direction  of  Air. 
O.  E.  Malsbury,  assistant  engineer. 

The  monumenting  of  the  boundary  lines  between  the  Canal  Zone 
and  the  cities  of  Panama  and  Colon,  in  accordance  with  the  treaty 
proclamation  of  February  18,  1915,  was  finished.  A  regulation  con- 
crete monument  was  set  on  the  Corundu  Kiver  near  bridge  No.  65  of 
the  old  Panama  Railroad;  the  stone  bridge  on  the  Corozal  road  and 
the  concrete  bridge  on  the  Tumba-Muerta  trail  were  stenciled;  a 
brass  plug  was  set  in  the  concrete  curb  at  the  junction  of  the  Corral 
and  Tivoli  roads,  and  an  iron  spike  was  driven  in  the  center  of  the 
Tivoli  road  at  an  angle  point  on  the  boundary  line.  For  the  delimita- 
tions at  Colon  16  monuments  were  set  on  line,  and  several  brass  plug 
reference  points  were  set  on  the  offset  line  in  Folks  River.  An  iron 
rail  was  set  in  concrete  at  Old  Point  A,  Folks  River.  Brass  bolts 
were  set  in  the  sea  walls  at  both  ends  of  the  line.  The  azimuth  line 
of  Colon  Harbor  was  staked  out  across  the  fill  at  the  Cristobal  ffi-e 
station.     All  regular  concrete  monuments  were  properly  stenciled. 

The  100-foot  contour  survey  was  finished,  with  a  total  of  843  mon- 
uments set.  Monuments  set  on  the  5-mile  line  were  numbered  con- 
sistently with  the  monuments  on  this  line,  using  the  fractions  1/2, 
1/4,  etc.     The  regular  5-mile  line  type  of  monument  was  also  used. 

This  division  made  a  number  of  surveys  throughout  the  year,  in 
addition  to  other  miscellaneous  work. 

OFFICE  ENGINEER. 

The  office  continued  in  charge  of  Mr.  C.  J.  Embree  as  office  engi- 
neer, who  has  charge  of  the  drafting  forces  oWocks  operation  and 
maintenance,  electrical  division,  municipal  division,  division  of  ter- 
minal construction,  and  building  division.  A  large  amount  of  detail 
work  was  done  by  the  office. 

For  further  details  concerning  the  work  done  under  the  engineer 
of  maintenance  attention  is  invited  to  Appendix  A. 

OFFICE  OF  THE  MARINE  SUPERINTENDENT. 

The  marine  superintendent  is  charged  with  the  entry,  conduct  of 
vessels  thi-ough  The  Panama  Canal,  and  clearing  them  after  transit. 
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together  with  the  supervision  of  the  port  captains,  the  hoard  of  local 
inspectors,  the  pilots,  the  operation  of  hghts  and  beacons,  and  the 
inspection  and  admeasuring  of  vessels. 

As  already  noted,  Oapt.  Hugh  Rodman,  United  States  Navy,  was 
detached  and  succeeded  by  Commander  H.  I.  Cone,  United  States 
Navy,  on  October  1,  1915. 

After  trial  it  was  decided,  for  the  best  interest  of  the  canal  as  well 
as  for  shipping  using  it,  to  have  pilots  detailed  as  lock  pilots,  and  two 
were  accordingly  sent  to  each  set  of  locks,  acting  under  the  direction 
of  the  lock  superintendents. 

Slides  in  Gaillard  Cut  interrupted  traffic  from  August  7  to  Auo-ust 
10,  1915,  from  September  4  to  September  9,  1915,  and  from  Sept^em- 
ber  18,  1915,  to  April  15,  1916. 

Punta  Mala  lighthouse  was  erected  and  put  into  commission  on 
July  10,  1915.  Bona  Island  lighthouse  was  placed  in  commission 
August  2,  1915;  on  November  25,  1915,  it  v/as  struck  by  lightning, 
but  was  rehghted  the  following  day.  The  lighthouse  on  TaboguiUa 
Island  was  placed  in  commission  August  10,  1915.  All  tliree  lights 
proved  satisfactory  and  economical.  Some  slight  changes  were  made 
in  aids  to  navigation  and  in  the  characteristics  of  lights,  as  experi- 
ence and  local  conditions  seemed  to  dictate,  in  order  to  facilitate  the 
transit  of  shipping,  both  by  day  and  night. 

A  new  signal  station  was  erected  at  Sosa  Hill.  It  commands  a 
splendid  view  of  Balboa  Harbor  and  enables  the  captain  of  the  port 
to  communicate  with  ships  much  more  expeditiously  than  was  possi- 
ble before. 

The  mooring  stations  at  Gamboa  and  Empire  were  maintained 
throughout  the  year.  The  former  is  permanent;  its  mooring  buoys 
were  renewed  and  heavier  moorings  laid.  It  was  found  desirable  to 
establish  another  temporary  mooring  station  near  Paraiso.  This 
will  probably  be  maintained  until  the  channel  thi-ough  the  slides  is 
in  such  shape  that  vessels  can  safely  transit  it  without  delay. 

During  the  part  of  the  fiscal  3^ear  that  the  canal  was  open  to  traffic 
a  total  of  411  vessels  passed  from  the  Atlantic  to  the  Pacific,  as  com- 
pared with  530  for  the  previous  fiscal  year,  and  376  passed  from  the 
Pacific  to  the  Atlantic,  as  compared  with  558  during  the  previous 
year.  The  411  vessels  passing  from  the  Atlantic  to  the  Pacific  had  a 
total  net  tonnage  of  1,308,230  tons,  and  1,434,236  cargo  tons.  Of 
this  total  number  of  vessels  50  were  engaged  in  United  States  coast- 
wise trade,  with  a  net  tonnage  of  183,372  tons  and  a  cargo  tonnage 
of  227,103  tons.  The  376  vessels  passing  from  the  Pacific  to  the 
Atlantic  represented  a  net  tonnage  of  1,171,531  and  a  cargo  tonnage 
of  1,705,810.  Of  this  number  of  vessels  41  were  engaged  in  the 
coastwise  trade  with  a  net  tonnage  of  167,594  tons  and  a  cargo 
tonnage  of  217,285  tons.     The  total  cargo  tonnage  that  traversed 
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the  canal  amounted  to  3,140,046  tons,  as  compared  with  4,969,792 
for  the  fiscal  year  1915.  The  total  cargo  tonnage  passmg  through  the 
canal  in  the  coastwise  trade  was  444,388  tons  for  the  fiscal  year, 
as  compared  with  951,044  tons  for  the  previous  fiscal  year. 

While  it  is  to  be  remembered  that  the  canal  was  closed  for  seven 
months  of  the  fiscal  year,  this  alone  does  not  account  for  the  dif- 
ference in  the  coastwise  traffic.  The  lines  which  formerly  used  the 
canal  in  the  coastwise  trade  took  advantage  of  the  scarcity  of  bottoms 
and  chartered  their  steamers  at  enormous  rates,  which  was  more 
profitable  than  continuing  in  the  coastwise  trade. 

The  board  of  admeasurers  conducted  its  operations  in  the  same 
manner  as  in  the  previous  fiscal  year.  The  requirement  that  the 
United  States  net  registered  tonnage  be  considered  in  the  assessment 
of  tolls  added  greatly  to  the  work  of  the  board,  especially  because 
of  numerous  changes  and  interpretations  placed  upon  the  United 
States  rules  for  measurement  by  the  Commissioner  of  Navigation 
of  the  United  States  Department  of  Commerce.  The  application 
of  the  United  States  rules  for  measurement  has  resulted  in  exempting 
practically  all  sheltered  spaces  and  deck  loads  of  vessels  transiting 
the  canal,  which,  in  turn,  has  resulted  in  discrimination  against  most 
of  the  United  States  vessels  utilizing  the  waterway,  due  to  the  fact 
that  almost  all  of  the  United  States  vessels  are  so  constructed  that 
they  are  unable  to  take  advantage  of  shelter-deck  space.  On  the 
other  hand,  the  United  States  rules  provide  for  the  exemption  of 
certain  cabin  space  above  the  upper  deck  that  is  not  a  deck  attached 
to  the  hull,  which  would,  in  most  cases,  result  in  discrimmation 
against  foreign  vessels  and  in  favor  of  United  States  passenger 
steamers,  if  the  national  register  of  the  vessel  were  recognized  as  a 
factor  in  the  levying  of  tolls. 

As  time  goes  on  and  traffic  increases,  with  a  resulting  increase  in 
the  number  and  classes  of  vessels  using  the  canal,  tha  necessity  of 
adopting  some  one  rule  for  levying  the  tolls  becom.es  more  evident, 
and  experience  has  sho'vsni  beyond  a  doubt  that  the  fairest  rules  for 
determining  the  tonnage  of  a  vessel  on  a  just  basis  are  the  Panama 
Canal  rules  of  measurement;  in  short,  on  the  earning  capacity  of  the 
ship.  It  is  again  recommended  that  legislation  be  secured  authoriz- 
ing the  levying  of  tolls  on  this  basis. 

The  tolls  collected  amounted  to  $2,399,830.42.  Had  the  Panama 
Canal  ndes  for  measurement  been  in  force,  the  revenue  from  this 
source  would  have  been  $2,790,544.47,  showing  a  direct  loss  of  reve- 
nue on  this  account  of  $390,714.05. 

The  captains  of  the  port  are  directly  in  charge  of  the  duties  of 
assignment  of  wharves,  docking,  and  berthing  of  vessels,  furnishing 
pilot  service  to  shi2:)ping,  the  admeasurement  of  vessels  before  transit 
through  the  canal,  and  the  general  supervision  and  enforcement  of 
harbor  regulations  relating  to  shijiping.     In  addition,  an  endeavor 
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has  boon  made  to  have  the  offices  of  the  captains  of  tlie  port  centers 
of  information  on  all  matters  relating  to  shipping. 

For  further  particulars  attention  is  invited  to  Appendix  B. 

DSEDGIKTG  DIVISION. 

The  dredgmg  division  continued  in  charge  of  Mr.  W.  G.  Comber, 
resident  engineer,  assisuod  by  Mr.  James  Macfarlane,  superintendent 
of  dredging.  The  division  is  divided  into  two  districts,  the  first  em- 
bracing all  dredging  operations  in  the  Pacific  entrance,  Miraflores 
Lake,  and  Gaillard  Cut;  the  second  district,  all  dredging  operations 
in  the  Atlantic  entrance  and  Gatun  Lake  to  Gamboa  Bridge. 

As  stated  in  the  annual  report  for  1915,  all  dredging  done  in  any 
part  of  the  canal  necessary  to  complete  the  channel  to  its  full  width 
and  depth  v/as  charged  against  construction  funds,  and  all  dredging 
done  in  portions  of  the  canal  where  the  full  width  and  depth  had 
been  secured  at  the  time  the  canal  was  opened  to  the  use  of  com- 
merce became  a  proper  charge  against  and  was  paid  for  from  main- 
tenance funds.  Consequently,  part  of  the  dredging  operations  con- 
stituted construction  work  and  was  paid  for  from  such  funds. 

The  dredging  equipment  in  use  during  the  je&r  consisted  of  sea- 
going suction  dredge  Culehra;  pipe-line  dredges  Nos.  4,  S3,  S3,  S4,  So, 
and  S6;  the  15-yard  dipper  dredges  Gamboa  and  Paraiso;  the  5-yard 
dipper  dredges  Cardenas,  to  September  30,  1915,  Oliagres,  to  October 
31,  1915,  and  Mindi,  to  November  3,  1915;  seagoing  ladder  dredge 
Corozal  and  the  French  ladder  dredges  Nos.  1  and  5  and  Marmot; 
the  Gopher  was  in  service  until  August  15,  1915;  drill  barge  Teredo 
No.  2;  the  rock  breaker  Vulcan;  and  the  15-yard  dipper  dredge 
Cascadas.  This  dredge  is  an  improved  model  ot  the  dredges  Gamboa 
and  Paraiso,  certain  changes  in  design  having  been  suggested  by  the 
officials  of  the  dredging  division  to  overcome  some  of  the  defects 
that  had  developed  in  the  other  two  dredges  of  this  type,  which  had 
been  in  operation  for  some  time  before  the  Cascadas  was  ordered. 

To  assist  in  Vv'ashing  down  slides  and  to  arrange  drainage  through 
them  two  hj^draulic  graders  were  built,  both  of  which  went  into 
commission  in  December,  1915. 

Nine  additional  dump  scows  were  added  to  the  equipment  em- 
ployed, four  of  wood  and  the  remainder  of  steel;  of  the  latter  two 
have  a  capacity  of  3,000  cubic  yards  each. 

The  construction  dredging  consisted  of  excavating  the  inner  har- 
bor at  Balboa,  including  the  dredging  around  Pier  No.  18  and  the 
repair  to  the  wharf,  aggregating  1,839,594  cubic  yards,  at  a  cost  of 
$0.1928  per  cubic  yard;  in  the  vicinity  of  the  Cristobal  coaling  plant 
21,609  cubic  yards,  at  a  cost  of  $0.3643  per  cubic  yard;  in  the  vicinity 
of  the  east  breakwater  353,344  cubic  j^ards,  at  a  cost  of  S0.4730;  and 
from  the  canal  prism,  Miraflores  Lake,  18,602  cubic  yards,  at  a  cost 
63503°— 16 4     ,    . 
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of  $0.2734  per  cubic  yard;  Cucaraclia  slide,  264,850  cubic  yards,  at  a 
cost  of  $0.3470  per  cubic  yard,  making  a  total  of  4,616,376  cubic 
yards  excavated  since  the  dredging  division  began  work  on  this 
slide;  at  the  Pacific  entrance,  between  Miraflores  Locks  and  deep 
water  at  sea,  8,964  cubic  yards  of  earth  and  30,160  cubic  yards  of 
rock  at  a  cost  per  cubic  yard  of  $2,26,  the  high  cost  bemg  due  to 
drilling  and  blasting  rock  areas  to  be  removed  later,  the  latter  being 
broken  up  by  the  rock  breaker  Vulcan  and  by  the  drill  barge;  and  in 
the  Atlantic  entrance  20,746  cubic  yards  of  earth,  at  a  cost  of  $0.1323 
per  cubic  yard. 

The  spoil  from  GaiUard  Cut  was  disposed  of  on  the  dumps  located 
in  Gatun  Lake  from  mile  30  to  San  Pablo,  mile  24i;  in  the  Rio  Grande 
Valley  south  of  Cucaracha;  Miraflores  Lake;  at  Paraiso,  and  along 
the  east  bank  of  the  canal  between  Cucaracha  slide  and  Paraiso. 
There  were  dumped  in  Gatun  Lake  11,126,625  cubic  yards,  and  in 
Rio  Grande  Valley  966,149  cubic  yards;  in  Miraflores  Lake  72,214 
cubic  yards;  in  swamps  around  Paraiso  501,615  cubic  yards;  and  in 
the  canal  between  Cucaracha  and  Paraiso  1,116,461  cubic  yards. 
The  material  dumped  in  the  canal  was  from  the  ladder  and  dipper 
dredges  v/orking  on  the  south  side  of  Culebra  shde  v/hile  the  canal 
was  blocked,  and  has  been  practically  all  rehandled  and  removed 
from  the  prism. 

A  large  part  of  the  v/ork  done  by  the  dredging  division  was  occa- 
sioned by  the  shdes,  and  there  was  removed  a  total  of  12,695,059 
cubic  yards,  at  a  cost  of  $0.2820  per  cubic  yard.  Of  the  total 
amount  retnoved  10,872,509  cubic  yards  were  rock  and  the  balance, 
1,822,550  cubic  yards,  was  earth. 

Surveys  of  the  canal  in  the  vicinity  of  the  active  slides  were  made 
daily;  the  channel  was  dragged  and  marked  prior  to  the  passage  of 
shipping. 

The  spirit  obtaining  in  the  organization  during  the  construction 
period  was  the  subject  of  much  commendation,  but  looking  back 
over  the  period  of  my  connection  with  canal  work,  the  spirit  that 
animated  the  dredging  force  seems  to  me  to  surpass  that  which 
existed  at  any  prior  period.  The  dredges  were  operated  24  hours 
every  day,  including  Sundays  and  holidays,  for  a  period  of  four 
months,  without  the  least  murmur  or  complaint  on  the  part  of 
anyone  in  the  force,  which  reflects  much  credit  on  the  officials  of 
the  division  as  well  as  on  the  men  comprising  it. 

The  dredging  division  continued  in  charge  of  the  production  of 
sand  and  gravel  taken  from  the  Chagres  River,  for  construction 
purposes,  for  whicli  purpose  pipeline  and  ladder  dredges  were  cm- 
ployed.  Ladder  dredge  No.  1  excavated  463,377  cubic  yards  of 
run-of-bank  gravel,  and  suction  dredge  No.  82  excavated  only  ma- 
terial to  be  screened,  delivering  48,895  cubic  yards  of  sand,  17,277 
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cubic  yards  of  No.  1  gravel,  and  50,852  cubic  yards  of  No.  2  gravel. 
All  gravel  was  delivered  to  the  Gamboa  handling  plant.  Sand  was 
passed  through  a  three-eighths-inch  screen,  No.  1  gravel  through  a 
2-inch  screen,  and  No.  2  gravel  through  a  2-inch  screen. 

The  old  slide  at  Buena  Vista  showed  signs  of  new  life  in  December, 
1915,  and  on  January  1,  1916,  a  crack  had  developed,  starting  at 
station  1559  and  running  over  the  top  of  a  small  hill  300  feet  west 
of  the  prism  line  at  station  1563  and  joining  the  canal  again  at 
station  1567.  The  material  was  stiff  clay  and  soft  rock.  On  Jan- 
uary 3,  1916,  the  hydraulic  grader  began  operations,  starting  at  a 
point  about  50  feet  back  of  the  crack  and  cutting  a  uniform  slopo 
from  the  point  of  beginning  to  the  base  of  the  sHde  at  the  water's 
edge.  This  method  stopped  the  movement  and  the  material  has 
remained  quiescent  dm'ing  the  rest  of  the  year. 

The  three  rock  dikes  built  on  the  south  shore  of  Limon  Bay  in 
1915,  600,  1,100,  and  1,600  feet  west  of  the  canal  prism,  to  stop 
the  erosion  of  the  beach  at  this  point,  have  proved  entirely  success- 
ful. This  beach  receded  between  1905-1911  525  feet,  or  about  88 
feet  annually.  July,  1911,  to  June,  1912,  the  beach  receded  75  feet; 
1912-13,  110  feet;  1913-14,  48  feet;  1914-15,  40  feet;  1915-16, 
since  the  dikes  were  completed,  there  has  been  no  change.  Only 
a  few  thousand  yards  of  silt  were  deposited  in  the  canal  opposite 
this  point  during  the  year,  where  in  past  years  the  silting  ran  into 
the  hundreds  of  thousands. 

There  will  be  found  accompanying  the  detailed  report  of  the 
dredging  division  a  statement  showing  the  amount  of  material 
removed  from  the  canal  prism  by  the  dredges,  together  with  all 
auxihary  work  accomplished  by  these  appliances  since  the  com- 
mencement of  the  canal  construction  by  the  Americans  in  1904, 
with  a  total  cost  per  yard  of  $0.2667;  also  a  statement  of  the  v/ork 
done  by  steam  shovels  during  the  same  period,  together  with  the 
cost. 

For  further  particulars  of  the  operations  of  the  dredging  division 
attention  is  invited  to  Appendix  E. 

SLIDES. 

Although  the  question  of  the  shdes  has  been  dealt  with  in  pre- 
vious annual  reports  and  official  documents,  there  continues  to  exist 
much  ignorance  on  the  subject.  Also  a  great  deal  has  been  written 
by  those  whose  little  knowledge  makes  them  dangerous,  and  to 
whose  statements  credence  is  given  because  of  the  position  or  prom- 
inence of  the  writers.  I  have  concluded,  therefore,  to  report  again 
on  the  situation,  even  at  the  expense  of  repetition,  notwithstand- 
ing the  general  belief  that  anything  pubhshed  in  annual  reports  is 
buried  in  oblivion.     Consideration  will  be  given  also  to  the  various 
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theories  tliat  have  been  advanced  and  to  tlie  remedies  that  have 
been  suggested. 
For  some  iinaccomitable  reason  there  seems  to  be  a  general  behef 
that  the  entire  length  of  the  Cut  is  affected.  A  report  emanating 
recently  from  English  sources  states  that  the  bottom  of  the  canal 
through  this  section  is  found  to  be  a  bog,  which  is  being  constantly- 
pushed  up,  and  through  which  the  dredges  have  difficulty  in  main- 
taining a  channel;  further,  that  it  is  acknowledged  on  the  part  of 
those  in  charge  that  the  canal  is  a  failure,  and  that  American  engi- 
neers are  seeking  information  in  England  relative  to  the  Nicaragua 
route.  vSuch  reports  are  false,  and  there  is  no  foundation  for  them; 
yet  they  seem  to  have  gained  credence  probably  because  a  pending 
treaty  between  the  United  States  and  Nicaragua  contemplates 
securing  from  the  latter  all  rights  for  building  a  canal  on  its  territory. 
As  the  Nicaragua  route  was  at  one  time  the  one  most  generally 
favored  by  the  United  States,  investigations  by  commissions,  boards, 
and  commercial  bodies,  covering  a  series  of  years,  have  been  made 
of  the  route,  and  data  of  all  kinds  collected;  consequently  every- 
thing that  is  known  about  that  route  can  be  found  at  home,  v/ith- 
out  the  necessity  of  seeking  information  in  England.  It  makes  a 
good  news  item,  however;  makes  converts  to  the  behef  that  the 
entire  8.75  miles  of  the  Cut  is  unstable,  liable  to  collapse  or  upheaval, 
completely  closing  the  canal  for  all  time,  is  useful  in  assisting  ship- 
ping companies  to  take  advantage  of  present  conditions  to  charter 
ships  at  excessive  rates  instead  of  complying  with  their  obligations, 
and  permits  an  increase  in  insurance  rates. 

GaiUard  Cut  extends  from  Pedro  Miguel  to  Gamboa,  a  distance  of 
8.75  miles.  The  canal  prism  through  this  section  averages  300  feet 
bottom  width,  and  has  a  depth  of  45  feet.  Every  foot  of  the  exist- 
ing channel  was  excavated  through  rock,  all  of  which,  though  of 
various  kinds  and  densities,  had  to  be  drilled  and  blasted  in  order 
to  remove  it.  It  is  possible  that  the  water  may  have  softened  some 
of  the  material,  yet  it  is  known  that  the  softer  varieties  of  rock 
encountered  in  the  excavation  were  protected  from  disintegration 
by  contact  with  water.  The  bog  theory  is  a  myth.  The  Cut  has 
been  stable  with  the  exceptions  of  the  portions  in  the  vicinity  of 
Culebra  and  at  Cucaracha.  The  slides  at  Culebra  are  on  both  sides 
of  the  watei'way,  occupying  a  length  of  2,800  feet,  while  the  channel 
affected  by  the  Cucaracha  slide  is  less  than  2,000  feet  long,  so  that 
out  of  a  total  length  of  8.75  miles  only  0.88  mile  is  affected. 

Another  misconception  that  exists  relates  to  the  character  of  the 
slides.  They  have  not  been,  except  in  part  at  Cucaracha,  a  slipping 
down  of  portions  of  a  bank  in  order  to  reach  the  slope  at  which  the 
material  will  stand.  Slides  of  this  character  have  occurred,  but 
they  were  small  in  extent  and  easily  handled.     Those  at  Culebra 
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are  breaks  resulting  from  deformation  or  crushing  of  underlying 
strata"  wliich,  under  changed  conditions,  could  not  bear  the  weight 
of  the  superimposed  mass,  and  caused  a  vertical  settlement  or  drop 
of  the  overlying  material,  Vv-hich  subsequently  moved  into  the 
prism.  Final  rest  will  be  secured  when  all  the  material  that  is  in 
motion  has  been  removed.  As  is  shown  by  experience  with  smaller 
breaks  that  have  occurred  from  the  same  cause,  when  the  end  is 
reached  the  final  surface  will  be  concave,  or  bowl  shaped. 

TThen  water  was  turned  into  the  Cut  on  October  10,  1913,  the 
channel  was  completed  to  full  v/idth  and  depth  except  at  Cucaracha, 
where  the  steam  shovels  were  making  but  little  headway  against 
the  slide;  three  benches  which  had  been  left  (one  at  La  Pita  Point, 
one  on  the  east  side  near  Empire,  and  one  on  the  west  side  oppo- 
site Cucaracha);  the  inclines,  one  at  either  end  of  the  Cut;  and  the 
remains  of  tv/o  small  slides,  one  on  the  east  side,  of  the  "break" 
variety,  and  the  other  on  the  west  side,  a  typical  slide  of  clay  which 
occurred  prior  to  the  removal  of  the  steam  shovels,  both  of  which, 
between  Empire  and  Culebra,  v>'eie  cleaned  up  by  the  dredges  and 
have  remained  quiescent  since. 

Cucaracha  slide  is  on  the  east  side  of  the  canal  south  of  Gold  Hill. 
It  began  to  give  trouble  as  early  as  1884,  during  the  operations  of 
the  French  Canal  Co.,  but  all  the  indications  pointed  to  a  surface 
movement  only.  The  French  built  an  elaborate  system  of  drainage 
to  overcome  the  difficulty,  and,  while  successful  so  long  as  work  of 
excavation  was  suspended,  further  deepening  of  the  Cut  in  the  vicin- 
ity resulted  in  renev/ed  activity,  with  complete  destruction  of  the 
drainage  system;  the  remaining  part  of  this  system  v/as  carried 
away  by  the  slide  in  1907.  The  slide  gave  trouble  in  1906,  when 
excavation  proceeded  through  this  section.  The  difficulties  increased 
as  the  depth  increased  and  in  the  autumn  of  1907  became  most  for- 
midable. From  this  time  until  1910  the  difficulties  became  less,  and 
it  v>"as  believed  that  they  had  been  overcome  and  that  the  clay  re- 
maming  would  be  supported  by  a  rock  dike  which  was  uncovered 
and  which  apparently  possessed  ample  strength  to  retain  the  mass 
above  and  back  of  it.  On  January  20,  1913,  the  rock  dike  broke  at 
or  below  the  bottom  level  of  the  canal  and  completely  filled  the 
prism  with  clay  and  rock  for  a  length  of  1,600  feet,  to  a  depth  of  30 
feet  on  the  bank  opposite  from  the  slide,  increasing  toward  the  east 
on  a  slope  of  about  1  on  4.  Steps  were  taken,  by  means  of  sluicing, 
to  wash  back  as  much  of  the  top  portions  of  the  clay  as  possible  into 
the  valley  on  the  east  side  of  the  ridge.  As  steam  shovels  could  not 
cope  with  the  situation  economically  and  advantageously  and  as  the 
remainder  of  the  Cut  was  ready  for  the  admission  of  water,  this  was 
allowed  to  enter  and  recourse  had  to  dredges  for  the  removal  of  the 
balance.     The  time  within  which  a  passage  through  the  sUde  was 
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cut,  as  well  as  the  cost,  is  conclusive  that  this  method  v/as  the  most 
efficient  and  economical  way  of  handling  the  material. 

In  July,  1914,  troubles  in  Mexico  interfered  with  the  handling  of 
cargoes  by  the  Tehauntepec  route,  and  shipping  interests  were 
clamoring  for  relief.  The  dredges  had  secured  a  channel  through  the 
shde,  and  the  Panama  Railroad  operated  a  line  of  barges  through 
the  canal  between  the  terminal  ports,  but  these  could  not  handle 
the  traffic.  While  the  full  depth  and  width  had  not  been  secured 
through  the  slide,  the  channel  was  sufficient  for  the  passage  of  ship- 
ping, and  consequently  the  canal  was  opened  to  commerce  in  August, 
1914. 

Several  movements  have  occurred  since  at  Cucaraclia,  but  they 
were  handled  easily  and  did  not  delay  commerce  until  the  last  of 
August,  1916,  when  a  movement  occurred,  bringing  down  material 
from  the  northeast  corner  of  the  slide  area,  and  moved  huge  rock 
bowlders  across  the  center  line  of  the  channel,  so  constricting  it  as 
to  force  a  suspension  of  navigation  on  August  30,  1916.  The  larg- 
est mass  of  rock  occupied  a  length  of  65  feet.  The  bowlders  required 
drilhng  and  blasting  operations  in  order  to  remove  them.  Holes  20 
feet  deep  in  a  ffintlike  substance  were  drilled  at  great  expense  of 
time  and  drills  before  they  could  be  broken  up  sufficiently  for  the 
dredges  to  handle,  and  the  closure  of  the  canal  lasted  eight  days, 
although  two  small  ships  were  passed  through  in  the  interval. 

Gold  Hill  is  of  basalt,  thrown  up  in  a  molten  state  through  the 
sedimentary  deposits  that  already  existed  and  poured  over  the 
deposits  on  either  side  of  the  stem,  giving  to  the  vertical  section  the 
general  shape  of  a  mushroom.  The  portions  projecting  beyond  the 
stem,  being  left  unsupported,  broke  when  the  material  moved  from 
under,  and  the  rock  thus  detached  came  down  with  the  rest  of  the 
m^aterial  at  Cucaraclia.  This  same  action  occurred  on  the  opposite 
side  of  Gold  Hill  within  a  few  months  after  the  east  Culebra  slide 
became  active. 

A  slide  developed  during  the  excavation  in  1906  north  of  Gold 
Hill  on  the  east  side  of  the  Cut.  This  was  a  typical  slide,  a  surface 
movement  which  flattens  the  slope,  and  slides  of  this  character  had 
occurred  in  this  locality  during  the  French  occupancy.  The  French 
endeavored  to  overcome  them  by  drainage  tunnels,  but  the  mate- 
rial through  which  they  were  built  was  too  fine  grained  to  permit 
the  free  passage  of  water,  and  the  method  was  not  continued. 

In  1907,  at  the  village  of  Culebra,  the  type  of  shdes  designated 
"breaks"  first  manifested  itself.  When  the  excavation  had  reached 
a  depth  of  135  feet  above  the  finished  bottom  level,  a  crack  appeared 
in  the  surface  of  the  undisturbed  ground,  extending  from  one  point 
on  the  prism  slope  to  another.  Subsequently  there  was  a  subsidence 
of  the  surface  on  the  side  of  the  crack  farthest  from  the  prism,  accom- 
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paiiicd  by  an  up^var(l  movement  of  a  portion  of  the  bottom  of  the 
excavated  area  a  little  distance  from  the  foot  of  the  slope.  This 
was  followed  later  by  a  settlement  of  the  mass  between  the  crack 
and  the  Cut,  which  ultimately  slid  into  the  prism.  The  first  break 
affected  but  a  few  hundred  feet,  but  as  the  depth  of  excavation 
increased  the  breaks  became  more  extensive  both  in  length  and 
quantities  of  material  involved;  then  they  occurred  on  both  the 
east  and  west  banks,  the  upward  movement  along  the  bottom  of 
the  excavation  continuing  until  the  area  affected  extended  for  a 
length  of  2,000  feet  north  of  Gold  Hill.  The  borings  of  record  failed 
to  disclose  any  weak  underlying  strata. 

The  cause  undoubtedly  was  the  unequal  distribution  of  the  pres- 
sure exerted  by  the  adjacent  banks.  Such  being  the  case,  it  fol- 
lowed that  if  the  height  of  these  banks  were  reduced  the  movement 
would  be  lessened,  and  if  reduced  sufficiently  would  cease  entirely. 
Subsequent  events  proved  this  to  be  correct.  The  banks  were  light- 
ened by  taking  material  from  the  top,  and  there  resulted  final  slopes 
through  this  portion  of  the  Cut  of  1  on  1^  to  1  on  6^  for  the  east  side 
and  from  1  on  2.46  to  1  on  4.35  for  the  west  side;  the  slopes  con- 
sisted of  a  series  of  steps.  The  upheaving  of  the  bottom  ceased 
entirely,  as  already  noted,  and  the  canal  prism  was  carried  to  full 
depth  and  width  throughout  the  entire  2,000  feet. 

Toward  the  close  of  the  dry  season,  in  April,  1913,  a  crack  ap- 
peared on  the  east  side  opposite  Culebra,  about  1,300  feet  from  the 
prism,  in  an  old  French  dump.  It  was  parallel  to  the  canal,  did 
not  join  the  banks,  there  was  no  breaking  up  of  the  banks  between 
it  and  the  Cut,  nor  any  subsidence — in  short,  there  were  none  of  the 
indications  that  accompanied  previous  breaks.  The  geologist  be- 
lieved that  it  was  due  to  the  deformation  of  the  underlying  strata 
and  advocated  lightening  the  banks  by  sluicing  and  steam  shovels, 
which  was  done.  While  this  work  was  in  progress  the  crack  gradu- 
ally closed,  and  though  the  surface  between  the  crack  and  the  Cut 
was  in  places  noticeably  below  the  level  of  the  surface  to  the  east 
of  the  crack,  the  closure  was  construed  to  mean  that  a  condition  of 
equihbrium  had  been  reached.  The  canal  through  this  section  was 
completed,  the  water  was  turned  in,  and  no  further  trouble  was 
anticipated  in  this  section. 

A  crack  had  existed  for  some  yeare  at  the  foot  of  Zion  Hill,  south- 
east of  Culebra.  The  hiU  v/as  pronomic<?d  geologically  secm^e  agamst 
any  movement,  and  when  the  material  was  dug  away  from  the 
upper  portions  of  this  bank,  and  the  slopes  of  the  final  bench  reached 
the  crack,  it  did  not  increase  and  there  was  no  movement. 

Just  prior  to  turnmg  in  the  water  a  rock  slide  occurred  north  of 
Gold  Hill  on  the  east  side,  increasing  somewhat  with  the  admission 
of  water,  causing  no  change,  however,  in  the  crack  on  the  top.     A 
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similar  slide  occurred  on  the  west  side  after  the  prism  filled  with 
water.  In  both  instances  the  movements  were  typical  of  the  ordinary- 
slides — an  adjustment  of  the  slopes.  The  material  was  easily  han- 
dled by  the  dredges  and  the  channel  freed  of  all  obstructions  before 
the  canal  was  opened  to  navigation.  This  condition  continued  imtil 
October  14,  1914,  when,  without  any  warning,  a  section  of  the  east 
bank  north  of  Gold  Hill  settled  vertically  20  feet.  Tliis  section 
measured  2,000  feet  along  the  prism  face,  and  extended  back  about 
1,000  feet  from  the  axis  of  the  canal,  gonerally  along  an  irregular 
cm'ved  line,  but  did  not  extend  back  to  include  the  crack  that  had 
developed  in  1913.  The  top  of  the  bank  was  from  300  to  350  feet 
above  sea  level.  Mter  the  settlement  the  upper  surface  of  the 
portion  that  broke  away  remained  practically  parallel  to  its  original 
position,  and  the  existing  benches  of  the  upper  part  of  the  slide  had 
not  changed  their  relative  positions,  though  they  were  badly  broken 
up,  but  the  lower  strata  were  squeezed  out  across  the  canal,  reducing 
the  depth  of  water  from  45  feet  to  9  inches  at  one  point  within  an 
hour's  time.  Subsequently  the  broken  mass  moved  into  the  Cut,  as 
was  the  case  with  other  breaks.  Navigation  was  suspended  for  a 
week,  but  after  this  and  until  August,  1915,  the  dredges  were  able  for 
the  most  part  to  keep  up  with  the  material  as  it  came  down,  and 
would  have  been  able  to  maintain  such  condition  had  not  a  movement 
occurred  on  the  west  bank,  necessitating  work  on  this  side  to  the 
detriment  of  the  east  side. 

A  crack  was  found  on  the  slope  of  Zion  Hill  in  Jmic,  1914,  higher 
up  than  the  crack  already  mentioned,  but  observations  made  upon 
it  showed  no  movement,  and  the  solidity  of  the  hill  was  never 
doubted.  Subsequent  to  the  break  on  the  east  side,  a  gradual  but 
general  breaking  up  of  the  west  bank  followed.  The  crack  on  the 
slope  increased  in  size  and  new  ones  developed  farther  up  the  hill, 
until  finally  one  extended  to  elevation  480  above  sea  level,  the  limit 
of  the  present  break.  The  movement  into  the  Cut  from  the  west 
bank  occuiTcd  early  in  August,  1915,  when  a  section  of  Zion  Hill 
broke  away  and  settled  down.  The  edge  of  the  break  on  this  side  is 
also  a  curve. 

The  movements  from  the  two  sides  were  toward  the  central  portion 
of  the  inclosed  area,  and  at  this  central  portion  the  bottom  was 
forced  up,  at  first  forming  an  island,  then  a  peninsula  projecting  from 
the  east  bank,  and  finally  an  isthmus  entirely  across  the  channel. 
The  barrier  increased  until  it  had  a  length  of  255  feet  along  the  axis 
of  the  canal  and  an  elevation  of  65  feet  above  the  surface  of  the 
water.  The  movements  on  the  two  sides  are  entirely  different  in 
character.  On  the  east  side  a  settlement  of  a  mass  occurs,  the  top 
generally  tilting  backward  from  the  prism,  with  a  shoving  out  below. 
On  tlie  west  side,  for  the  most  part,  rock  masses  become  detached  and 
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gradually  settle  dovv'ii  vertically,  with  very  little  lateral  moremont, 
pushing  out  tlie  material  along  the  prism  face. 

Wlien  the  break  occiuTcd  on  the  east  side  it  was  realized  that  it 
would  extend  eventually  back  to  the  limiting  cracks,  and  that  all  the 
material  lymg  above  some  smface,  concave  in  shape,  unless  removed, 
would  eventually  enter  the  prism.  It  was  impossible  to  handle  any 
of  it  by  hydraulics  away  from  the  Cut,  and  the  only  other  method 
Vv-ouid  be  by  steam  shovels.  These  could  only  operate  on  firm 
groimd,  and  would  necessitate  the  establishment  of  dumps.  The 
number  of  shovels  that  could  bo  worked  would  be  limited,  and  con- 
siderable excavation  would  be  requh'ed  before  the  sliding  material 
could  be  attacked.  The  dredges  were  capable  of  and  were  removing 
over  1,000,000  cubic  yards  per  month  without  any  of  the  difhculties 
attendmg  steam-shovel  operations,  and  what  could  be  accomplished 
by  the  latter  would  be  relatively  so  small  and  the  cost  so  high  that 
the  idea  of  mtroducing  steam  shovels  was  abandoned  and  the  decision 
reached  that  the  material  must  be  removed  from  the  canal  side  by  the 
dredges. 

From  experience  with  other  breaks,  it  was  known  that  the  move- 
ment would  not  be  continuous.  A  settlement  occurs,  by  which 
material  is  pushed  into  the  prism;  the  movement  is  at  first  heavy  and 
rapid,  gradually  dimmishes,  and  finally  ceases.  This  condition  of  rest 
is  distm'bed  either  by  the  rains  or  by  the  operations  of  the  dredges 
cutting  into  the  banks.  As  all  the  material  liable  to  move  must  be 
taken  out  by  the  dredges  from  the  Cut,  there  would  come  a  time 
when  the  machines  would  be  idle,  waiting  for  a  movement  to  give 
additional  material  for  them  to  handle.  The  judicious  application 
of  hydraulicking  the  bank  would  avoid  such  a  condition,  conse- 
quently pumps  for  sluicing  operations  were  installed  on  two  barges. 
These  have  been  used  for  cutting  and  maintaining  surface  drainage 
and  for  washing  down  material  to  the  dredges,  when  the  conditions 
warranted  it. 

The  finished  section  from  Gold  Hill  north  left  an  enormous  mass  of 
hard  rock  on  the  east  side  and  at  the  northwest  comer  of  Gold  Hill. 
When  the  break  occmTed  in  1914  this  mass  of  rock  was  moved  slowly 
into  the  prism,  but  fuially  came  to  rest  and  seemed  to  hold  the 
material  back  of  it,  limiting  the  area  of  interference  in  the  channel. 
It  stood  up  boldly  for  nearly  100  feet  and  was  designated  by  the 
working  force  as  "Gibraltar,"  which  designation  will  be  used  when 
referring  to  tliis  mass  of  rock. 

The  slipping  of  the  material  mto  the  Cut  removed  the  support  to 
the  mushroom  portions  of  Gold  Hill  on  its  north  side,  which  broke  off 
in  large  masses  and  followed  down  diagonally  toward  the  prism,  the 
effect  being  similar   to   that  described   as  having  taken  place   at 
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Cucaracha,  and  the  direction  of  tlie  movement  was  due,  no  doubt,  to 
the  retaining  effect  of  ''Gibraltar,"  though  this  took  up  slow  move- 
ments at  times  when  the  heavier  masses  back  of  it  were  disturbed  by 
subsequent  settlements. 

If  the  width  of  the  prism  through  the  slide  section  remained  as 
fixed  for  the  project — 300  feet  bottom  width — every  movement  that 
occuiTed  on  either  the  east  or  west  bank  v/ould  contract  the  channel, 
and  should  a  movement  occur  in  both  banks  at  the  same  time  it 
would  probably  result  in  closing  the  canal  to  navigation.  The  neces- 
sity of  restoring  the  channel  to  permit  the  passage  of  ships  and  the 
maintenance  of  navigation  were  the  main  considerations.  An  addi- 
tion to  the  width  sufficient  to  take  care  of  material  pushed  in  by 
subsequent  movements,  thereby  increasing  the  chances  of  main- 
taining a  channel,  was  considered  advisable  until  all  the  loosened 
material  had  been  removed.  This  led  to  a  modificaiion  of  the  pro- 
jected width,  which  was  increased  to  500  feet,  100  feet  on  either  side 
of  the  original  prism  lines. 

The  conditions  as  they  existed  then — in  November,  1915 — found 
the  canal  closed  to  navigation  indefinitely.  There  was  across  it  an 
isthmus  250  feet  long  in  the  direction  of  the  axis  of  the  canal,  the  top 
of  which  was  about  65  feet  above  water;  the  dredging  operations 
were  confined  to  the  north  of  this  istlmius,  workuig  toward  the  south, 
with  arrangements  made  for  washing  down  the  material  in  case  it  was 
advisable  to  accelerate  the  motion  of  any  part  of  the  sliding  area, 
and  with  the  project  modified  so  as  to  give  a  completed  width  north 
of  Gold  HUl  of  500  feet. 

In  October,  1915,  the  President  of  the  United  States  was  advised 
by  a  member  of  the  National  Academy  of  Sciences — which  was 
organized  by  an  act  of  Congress  to  give  expert  advice  to  the  President 
and  Congress  on  scientific  matters — who  stated  that  one  of  its  mem- 
bers had  made  an  extensive  study  of  earth  slides  in  tropical  countries, 
and  was  convinced  that  there  were  relatively  simple  ways  by  which 
they  could  be  stopped,  and  suggested  that  a  committee  of  mining 
engineers  and  geologists  of  the  academy  be  appointed  to  consider  his 
propositions.  In  consequence  of  this,  the  President  of  the  United 
States  requested  that  a  committee  bo  appomted  by  the  National 
Academy  of  Sciences  to  "Consider  and  report  upon  the  possibility 
of  controlling  the  slides,  which  are  seriously  interfermg  with  the  use 
of  The  Panama  Canal."  From  the  correspondence  it  appears  that 
at  a  meeting  held  in  New  York,  "*  *  *  the  hope  was  repeatedly 
expressed  that  an  effective  solution  may  speedily  be  found." 

The  coming  of  the  committee  was  welcomed  on  the  Isthmus,  for 
so  much  mismformation  had  been  sent  broadcast,  doing  more  injury 
to  the  canal  than  the  closing  of  it  by  the  slides;  confidence  had  been 
upset ;  and  i  c-  was  hoped  not  only  that  a  remedy  would  be  forthcoming 
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but  that  the  report  of  the  committee  v/ould  be  able  to  restore  con- 
fidence in  the  project,  especially  as  those  connected  with  the  work 
knew  that  the  methods  adopted  would  overcome  the  difficulties  for 
good  and  all,  given  the  time  and  money,  and  that  the  waterway  would 
be  all  that  had  been  expected. 

Probably  the  greatest  injury  done  the  canal  was  through  Prof. 
Benjamin  Le  Roy  Miller,  Ph.  D.,  who  occupies  the  chair  of  geology 
at  Lehigh  University.  On  retiu-ning  to  New  York  from  Costa  Rica 
he  stayed  here  a  couple  of  days  awaiting  a  steamer.  He  was  given 
every  facility  to  examine  the  sUdes  at  Cidebra,  which  were  then  at 
their  worst,  and  he  is  reported  to  have  said  for  publication  on  his 
arrival  in  the  United  States  that  he  had  made  a  "  thorough  examina- 
tion of  the  slides,"  and  the  conditions  found  were  as  follows — the 
statement  appearing  in  quotation  marks  in  the  press  item : 

At  the  Culebra  Cut  *  *  *  cracks  have  formed  over  1,300  feet  back  from  the 
canal,  and  all  of  the  ground  intervening  is  moving  toward  the  Cut.  There  is  no  doubt 
that  much  rock,  now  apparently  stable,  also  will  move,  as  its  support  is  withdrawn  by 
the  removal  of  loose  earth  and  rock.  Before  the  canal  can  be  said  to  be  completed 
and  permanently  opened  to  traffic,  the  amount  of  material  that  must  be  taken  out 
will  not  fall  far  short  of  the  amount  already  taken  from  the  Culebra  Cut. 

Transportation  companies  planning  to  use  the  canal  should  realize  that  thev  must 
not  expect  uninterrupted  service  for  several  years.  During  the  dry  season  the  canal 
may  be  opened,  but  it  is  certain  to  be  closed  during  the  rainy  season  when  the  earth 
is  soaked  with  water  and  its  movement  toward  the  canal  facilitated. 

In  view  of  the  extent  of  the  material  that  has  now  started  toward  the  Cut,  it  seems 
that  steani  shovels  should  again  be  employed.  Practically  all  of  Gold  Hill  and  much 
of  Zion  Hill  must  be  removed,  and  to  wait  until  the  earth  breaks  loose  and  enters  the 
Cut  where  the  dredges  can  attack  it  seems  unwise,  and  unquestionably  longer  delays 
the  completion  of  the  project.  If  dredges  alone  are  employed ,  as  at  present,  the  canal 
may  be  kept  clear  dui'ing  the  months  when  rainfall  is  lightened,  but  for  many  years 
to  come  the  rainy  season  is  almost  certain  to  cause  such  slides  as  to  close  the  canal 
for  weeks  or  even  months. 

The  "thorough  examination"  occupied  fully  three  or  four  hours  of 
his  time.  The  position  that  he  occupied  in  one  of  the  leading  uni- 
versities of  the  United  States  gave  credence  to  his  statements,  which 
were  copied  broadcast,  and  commented  upon  editorially  to  the  detri- 
ment of  the  canal.  His  dire  predictions  were  naturally  unset thng  to 
shipping  mterests,  which  were  guided  by  them  to  some  extent  m 
routing  their  commerce  elsewhere. 

It  was  anticipated  that  the  committee  from  the  National  Academy 
of  Sciences  would  make  a  more  thorough  examination  than  Prof. 
Miller  had  done,  and  it  was  hoped  that,  as  a  result,  the  statements 
of  Prof.  Benjamin  Le  Roy  Miller,  Ph.  D.,  would  be  found  to  be  what 
we  considered  them— erroneous,  unwarranted,  and  unfair,  and  help 
restore  the  confidence  that  he  had  helped  to  destroy. 

The  preliminary  report  by  the  committee  of  the  National  Academy 
of  Sciences  was  submitted  to  the  President  in  January,  191G.     At 
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that  time  they  expected  tliat  their  final  report  would  be  completed 
in  April,  but  up  to  date  it  has  not  been  received.  The  preliminary 
report  will  be  foimd  in  Appendix  N.  It  v/ill  be  noted  that  the  state- 
ment made  by  Prof.  Miller,  that  practically  all  Gold  Hill  and  much  of 
Zion  Hill  must  be  removed,  is  no  t  concurred  in ;  and  in  this  connection 
it  should  be  remembered  that  a  committee  of  this  character  expresses 
its  opinions  guardedly,  for  Vv^hatever  happens  they  must  be  found  on 
the  right  side.  They  advocated,  as  a  matter  of  scientific  interest, 
the  making  of  an  accurate  triangulation  of  the  hills  in  question — 
Gold,  Contractors,  Culebra,  and  Zion — which  has  been  done.  By 
checks  made  at  frequent  intervals  the  slightest  movement  on  the 
part  of  any  of  the  four  hills  would  be  disclosed  a  t  once.  No  movement 
of  any  kind  has  taken  place. 

The  committee  expressed  the  belief  that  every  available  and  prac- 
ticable device  for  controlhng  the  water,  both  on  the  surface  and  under- 
groimd  should  be  employed,  and  to  this  end  advocated  covering  the 
slopes  with  vegetation  to  prevent  surface  wash,  closing  peripheral 
cracks,  draining  undisturbed  and  threatened  areas,  and  draining  by 
tunnels. 

For  several  years  the  expedient  of  covering  the  slopes  with  vegeta- 
tion has  been  carried  on,  starting  under  the  direction  of  Dr.  Pit  tier, 
of  the  Smithsonian  Institution.  Where  the  surface  of  the  ground  is 
in  mobion,  as  in  the  case  of  active  sHdes,  the  roots  are  disturbed,  and 
the  steady  growth  of  vegetation  is  impracticable.  Trees  and  vege- 
tation of  all  kinds  growing  on  the  surface  of  the  ground  which  broke 
in  October,  1914,  were  carried  down  the  slide  and  exercised  no 
deterring  effect  whatsoever.  On  sliding  ground  there  is  not  sufficient 
time  to  plant  anything  and  no  good  would  be  accomplished.  Where 
the  banks  consist  of  the  red  clay  of  the  country,  it  is  only  after  con- 
siderable difficulty  that  grass  of  any  kind  can  be  grown  on  them. 
Vegetation  stops  erosion;  on  this  account  the  work  was  undertaken 
and  is  being  carried  on. 

When  peripheral  cracks  occur  in  rock  with  sufficient  earth  covering 
they  may  be  effectually  closed  by  the  use  of  a  hydrauHc  grader,  as 
was  done  in  an  incipient  sUde  on  the  west  bank  of  the  canal  near 
Las  Cascadas.  The  sluicing  down  of  the  earth  into  a  uniform  slope 
not  only  fills  the  cracks  and  prevents  the  access  of  surface  water  into 
them,  but  facifitates  the  drainage  by  providmg  a  ready  means  of 
run-off  into  the  canal.  This  method,  while  applied  with  good  results 
at  the  north  end  of  the  East  Culebra  shde,  so  long  as  the  material  is 
at  rest,  a  subsequent  movement  develops  new  cracks  and  u-regu- 
larities  so  that  until  aU  loose  clay  and  rock  is  removed  and  the  final 
slope  reached,  the  rehef  is  temporary  only.  Where  there  is  very 
little  earth  covering,  as  is  the  case  on  Culebra  HDl,  and  where  the 
cracks  are  vdde  and  extend  a  great  depth  in  rock,  it  is  not  practicable 
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to  close  t]iciii  pormancntly  \vithoiit  expense  lliat  is  disproportionate 
to  the  results  obtained. 

In  compliance  with  the  expressed  wishes  of  the  committee  while 
on  the  Isthmus,  subsurface  tile  drains  have  been  installed  within  an 
area  on  Culebra  Hill  as  an  experiment.  Also,  as  suggested  by  the 
committee,  the  fault  fissure  under  the  hard  Obispo  tuiF  on  the  north 
side  of  Contractors  Hill  has  been  sealed  and  a  concrete-lined  drain 
constructed,  draining  the  surface  water  into  the  canal,  with  a  view 
to  the  protection  of  the  Cucaracha  rock  beds  adjacent  to  this  portion 
of  Contractors  HiU. 

It  is  admitted  that  if  the  water  could  be  entirely  excluded  the 
earth  movements  would  cease,  but  unfortunately  this  is  impossible. 
With  the  heavy  tropical  downpours  the  best  that  can  be  done  is  by 
drainage,  to  carry  away  what  falls  as  rapidly  as  possible,  but  ground 
water  can  not  be  eliminated.  So  far  as  concerns  ground  water,  the 
construction  of  the  canal  has  created  entirely  new  conditions.  The 
old  tributaries  of  the  Chagres  River  and  those  of  the  Rio  Grande, 
which  formerly  v/ere  natural  drains,  are  now  well  above  the  water 
surface  of  the  canal,  and  the  canal  has  become  the  drainage  channel 
for  the  country  for  miles  on  either  side.  Even  assuming  that  were  it 
possible  to  devise  a  system  for  getting  rid  of  ground  water,  it  must  still 
exist  below  the  surface  of  the  water  in  the  canal  itself.  The  slides 
in  cjuestion  affect  the  banks  for  a  considerable  distance  down,  prob- 
ably below  the  bottom  of  the  canal,  and  if  ground  water  be  primarily 
the  cause,  then  it  can  not  be  removed  from  the  strata  at  which  the 
trouble  starts. 

Surface  drainage  was  maintained  throughout  the  period  of  dry 
excavation.  The  adjacent  country  on  either  side  of  the  canal  was 
drained  through  the  east  and  v/est  diversions,  which  continued  to 
act  as  drains,  discharging  their  accumulated  waters  into  the  Chagres. 
In  relieving  the  pressure,  force  pumps  on  barges  have  enabled  the 
vrashing  down  of  part  of  the  material,  as  already  explained.  The 
hydraulic  grader  which  was  constructed  in  July,  1914,  and  put  in 
commission  in  August,  1914,  was  built  especially  for  opening  chan- 
nels to  expedite  surface  drainage  at  various  points  along  the  line  of 
the  canal,  and  to  maintain  them,  and  this  work  has  been  carried  on, 
although  suspended  south  of  the  slide,  due  to  the  interruption  and 
shut-off  of  the  channel  last  fall  and  winter. 

So  long  as  the  slides  are  active  and  the  configurations  of  their  sur- 
faces change  as  rapidly  as  they  now  do,  it  is  impracticable  to  open 
and  maintain  the  permanent  drains  recommended  in  the  moving 
areas.  When  equilibrium  is  restored,  and  as  a  means  of  promoting 
permanent  stabilit}',  the  drains  of  a  permanent  character  should  be 
constructed  and  maintained. 
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Drainage  by  tunnels  has  been  considered  in  connection  with  data 
obtained  since  the  committee's  report  was  written,  as  the  result  of 
experiments  suggested  by  the  chairman  of  the  committee,  Dr.  Van 
Hise,  through  whom  the  services  of  Prof.  Warren  J.  Mead,  of  the 
University  of  Wisconsin,  were  secured,  and  who  was  assisted  by 
Mr.  Donald  F.  MacDonald  in  making  tests  of  the  rock  formation  in 
which  the  east  and  west  Culebra  and  Cucaracha  slides  have  occurred. 
I  have  received  from  Mr.  ]\IacDonald,  the  geologist,  a  brief  report, 
hereto  appended,  marked  "Appendix  O,"  which  states  the  result  of 
the  experiments,  as  follows: 

Twenty-one  average  samples  of  the  Cucaraclia  or  sliding  formation  were  taken 
from  below  the  water  level  of  the  canal.  These  samples,  completely  Baturated,  con- 
tained 12.20  per  cent  of  water  by  weight,  or  27.8  per  cent  by  volume.  The  16  average 
samples  taken  from  well  above  the  level  of  ground  water,  where  the  rocks  were  much, 
jointed  and  fractured  and,  therefore,  perfectly  drained,  contained  10.60  per  cent  of 
water  by  weight.  As  shown  above,  12.2  per  cent  of  water  by  weight  fills  all  of  the  pore 
spaces  of  the  rock;  therefore,  10.6  per  cent  by  weight  fills  only  87  per  cent  of  them, 
leaving  13  per  cent  of  the  total  pore  space  as  ha\'ing  been  emptied  by  drainage  and  by 
drying.  Now,  13  per  cent  of  27.8  per  cent  is  3.6  per  cent  of  the  total  volume  of  the 
rock.  This  shows  that  natural  drainage  of  the  most  perfect  kind  would  not  remove 
more  than  13  per  cent  of  the  water  by  weight,  equivalent  to  3.6  per  cent  of  the  volume 
of  the  rock.  However,  most  of  the  samples  from  the  drained  rock  were  taken  very 
close  to  the  surface,  so  that  very  likely  they  lost  some  of  their  water  through  drying 
out  by  the  heat  of  the  sun,  for  the  dry  season  was  more  than  a  month  old  at  the  time 
they  were  collected. 

These  facts  show  that  while  the  sliding  rocks  have  a  high  percentage  of  pore  space, 
the  pores  are  mostly  of  capillary  size  and  are  filled  with  water  which  obeys  the  laws  of 
capillarity  and  which  can  not,  therefore,  be  drained  off.  These  experiments  defi- 
nitely established  that  all  cures  by  drainage  which  had  been  offered  to  and  urged  on 
the  canal  authorities  were  absolutely  futile,  and  the  money  which  might  have  been 
wasted  in  worthless  tunnels,  wells,  and  acres  of  asphalt  covering,  was  saved  for  the 
only  remedy  that  could  bring  permanent  cure  vinder  the  circumstances — dredging. 

Before  considering  the  suggestions  that  have  been  made  for  con- 
trolling or  preventing  the  slides  other  than  those  akeady  mentioned, 
it  may  be  well  to  state  what  was  attempted  by  the  canal  forces  in 
this  direction  prior  to  the  occurrence  of  the  slides  which  are  now 
active. 

During  the  excavation  of  the  Cut  22  slides  and  breaks  of  various 
extent  occurred.  The  steps  taken  to  protect  exposed  slopes  by  vege- 
tation has  been  noted.  It  was  believed  that  piles  driven  through 
the  loose  material  into  firm  ground  below  and  tied  at  the  tops  might 
check  the  movement,  and  this  was  tried  at  four  of  the  slides,  but 
without  success.  In  some  instances  the  piles  were  carried  bodily 
down  the  slope;  in  others  the  underlying  material,  moving  faster 
than  the  upper  portion,  inclined  the  piles  away  from  the  Cut,  and  in 
cases  where  the  top  surface  moved  faster  than  at  the  bottom,  they 
inclined  in  the  opposite  direction.  The  remains  of  these  piles  can 
be  seen  at  the  present  time  in  some  of  the  areas  so  treated. 
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It  was  thouglit  that  in  case  of  clay  slides  licavy  riprap  dumped  on 
the  surface  would  find  its  way  through  the  loosened  material  to  firm 
ground  and  check  the  movement,  but  this  method  was  found  as  use- 
less as  the  piling,     l^fost  of  the  riprap  rock  was  taken  out  at  the  foot 
of  the  slope  as  the  excavation  proceeded.     Experiments  were  made 
by  concreting  the  face  of  the  prism  to  prevent  the  disintegrating 
effect  of  the  air  on  some  of  the  softer  rocks;  this  was  done  by  use  cf  a 
cement  gun,  by  plastering  the  surface  wdth  cement  mortar  and  by 
reinforced  concrete,  anchored  to  the  side  of  the  prism  with  pieces  of 
rail.     None  of  these  methods  was  satisfactory  or  durable.     The  rem- 
nants of  the  French  drains,  which  proved  inadequate,  were  dug  out  at 
the  bottom  of  the  prism.     The  conclusion  was  reached  that  the  only 
cure  was  the  removal  of  all  loosened  material  as  it  came  into  the  Cut, 
and  in  case  of  breaks  to  relieve  the  weight,  where  possible,  from  the 
upper  parts  of  the  banks  by  steam  shovels  or  sluicing  operations. 
^  In  considering  any  method  for  stopping  the  slides  some  concep- 
tion must  be  had  of  the  enormous  amount  of  material  involved,  as 
well  as  the  method  in  which  it  acts.     The  banks  at  present  giving 
trouble  are  from  300  feet  to  approximately  550  feet  above  sea  level" 
and  extend  back  1,300  to  1,800  feet  from  the  faces  of  the  prism,  and 
from  these  farthest  points  to  the  water  surface  the  entire  mass  is 
broken  for  a  depth  extending  at  least  to  the  bottom  of  the  canal. 
As  already  explained,  the  movement  is  by  fits  and  starts,  sudden  at 
fu-st  and  gradually  subsiding,  with  renewed  activity  after  a  period 
of  quiescence.     For  instance,  in  August,  1916  a  general   movement 
occurred  at  the  east  Culebra  slide  and  consisted  of  a  settlement  from 
20  to  25  feet  vertically  down  at  the  rear  portion  of  the  area  affected, 
some  1,300  feet  from  the  prism,  by  which  a  mass  of  material  from 
the  lower  part  w^as  projected  into  the  Cut  beyond  the  center  line, 
reducing  the  depth  of  water  along  this  line  an  average  of  5  feet! 
Because  of  the  width  of  the  new  channel,  as  well  as  the  depth,  navi- 
gation was  not  interrupted,  but  some  idea  mav  be  had  of  the  enor- 
mous amount  of  material  that  must  be  held  back  by  any  artificial 
construction  or  device  sunilar  to  those  which  have  been  proposed, 
and  the  impossibility  of  their  construction  must  be  recognized. 

Suggestions  most  frequently  made  have  been  along  Ihe  line  of 
sowdng  vegetation  and  of  properly  draining  the  area.  These  have 
abeady  been  considered.  To  sink  a  number  of  pipes  and  apply 
steam  for  drying  out  the  subsoil  would  be  prohibitive  on  the  score  of 
expense,  even  if  it  were  practicable.  It  would  be  impossible  to  drive 
and  hold  such  pipes  through  the  material  in  case  of  motion.  Pipes 
sunk  for  the  purpose  of  pumping  out  the  water  are  equally  imprac- 
ticable and  impossible.  From  the  experunents  conducted  by  Prof. 
Warren  J.  Mead  and  lli.  MacDonald  all  the  water  could  not^  be  ex- 
tracted by  this  method.     Pihng  the  entire  area  at  regular  intervals 


40  THE    PANAMA    CANAL. 

and  tying  the  piles  to  anchors  driven  in  the  firm  ground  can  not  be 
done,  nor  vroiild  it  secure  the  result  anticipated  by  the  proposers  of 
this  scheme. 

The  construction  of  retaining  walls  would  require  the  excavation 
of  material  to  secure  the  foundations,  necessitating  the  removal  of 
all  the  material  in  motion,  when  the  need  for  the  retaining  wall 
vrould  no  longer  exist.  There  is  no  form  of  construction  that  rould 
be  designed  that  would  hold  back  the  superimposed  mass  while  the 
excavation  for  the  foundations  was  in  progress.  The  construction 
of  inverts  to  hold  down  the  bottom  of  the  prism  is  impracticable  and 
impossible. 

Wire  netting  rolled  over  the  bank  and  held  in  place  by  stakes 
would  not  prevent  the  movement,  but  would  seriously  interfere  with 
the  dredges  in  removing  the  material  littered  up  ^'vdth  sections  of 
wire  mesh,  which  would  break  loose  with  every  movement  of  the 
shde.  Consohdating  the  mass  by  injecting  grout  would  also  be 
impossible;  the  pipes  could  not  be  driven  to  firm  ground  below  and 
the  earth  and  rock,  as  it  now  comes  into  the  Cut,  can  be  much  more 
easily  handled  than  would  be  the  case  were  this  material  solidified 
by  cement. 

It  was  suggested  that  the  slopes  and  the  surface  of  the  ground  adja- 
cent to  the  Cut  be  covered  with  asphalt,  tar,  or  some  preparation 
which  would  exclude  water  from  the  ground.  This  was  also  pro- 
posed by  a  member  of  the  committee  from  the  National  Academy  of 
Sciences.  That  the  committee  did  not  include  it  among  its  recom- 
mendations seems  conclusive  that  in  its  opinion  it  was  not  practicable, 
and  no  further  comment  seems  necessary. 

A  number  of  theories  have  been  advanced  as  to  the  cause  of  the 
difficidties,  among  them  that  there  exists  a  huge  reservoir  of  water 
vdthin  the  earth  and  the  pressure  therefrom  produces  the  slides.  If 
this  be  so,  the  pressure  being  sufficient  to  break  the  ground  would 
release  the  water  and  allow  its  escape.  All  the  water  that  is  drained 
from  the  shde  areas  is  accounted  for  by  the  rainfall  and  by  the  escape 
of  any  ground  water  that  the  movement  might  liberate,  and  the 
theory  is  untenable.  The  mutual  attraction  of  the  large  masses  on 
either  side  of  the  Cut  is  assigned  as  the  cause  for  bringing  down  the 
material,  and  yet  another  that  a  huge  magnet  that  previously  existed 
has  been  cut  in  two. 

The  latest  theory  advanced  appears  in  an  article  published  in  the 
New  York  Sun  on  June  18,  1916,  by  the  Hon.  Thomas  Kearns, 
ex  United  States  Senator  from  Utah,  and  republished  as  Senate 
Document  No.  525,  Sixty-fourth  Congress,  first  session. 

He  beheves,  ''*  *  *  that  the  trouble  is  all  caused  by  subter- 
ranean gases  formed  in  the  earth  which,  when  permitted  to  escape 
through  certain  channels  or  breaks  in  the  earth,  carry  with  them 


KEPORT   OF    THE   GOVERNOR.  41 

eruptive  material,  sometimes  for  a  long  distance,  to  the  place  of  the 
least  resistance."  Coming  from  a  man  with  such  large  practical 
experience,  it  undoubtedly  carried  conviction  to  the  minds  of  many 
who  read  it.  Since  Senator  Kearns's  examination  was  more  thorough 
than  that  made  by  Prof.  Benjamin  Le  Koy  Miller,  Ph.  D.,  it  is  com- 
forting to  note  from  his  judgment  also  that  Gold  and  Contractors 
Hills  are  not  likely  to  fall  into  the  Cut. 

Senator  Kearns  is  in  error  when  he  states,  ''Since  it  (the  canal)  was 
first  opened  to  navigation  on  August  14,  1914,  it  has  been  closed  and 
out  of  commission  virtually  two-thirds  of  the  time."  The  canal  was 
opened  to  traffic  August  15,  1914,  and  up  to  June  18,  the  date  of  the 
article,  the  canal  was  closed  232  days  out  of  656  days,  or  approx- 
imately one-third  of  the  time,  instead  of  two-thirds,  as  stated. 

Another  error  is  that  there  was  an  upheaval  in  the  bottom  of  the 
Cut  at  some  other  point  than  the  Culebra  section.  At  no  portion  of 
the  canal  has  there  been  any  upheaving  except  in  the  2,000  feet  north 
of  Gold  Hill.  This  upward  movement  first  occurred  when  the  excava- 
tion had  reached  elevation  175  feet  above  sea  level,  or  135  feet  above 
the  finished  bottom  of  the  canal.  The  upheaval,  as  the  result  of  the 
present  shdes,  reached  an  elevation  of  65  feet  above  the  water  surface, 
or  110  feet  above  the  bottom  of  the  canal.  In  no  case  was  there  a 
movement  at  the  bottom  that  was  not  preceded  by  a  movement  in 
the  adjacent  bank.  The  movement  in  the  bottom  ceased  entirely  in 
1913,  when  the  side  slopes  were  made  sufficiently  flat  to  reduce  the 
pressure  exerted  by  them  to  less  than  that  required  to  accomphsh 
this  upward  movement.  The  upheaving  in  the  bottom  occurred 
again  subsequent  to  the  break  in  October,  1914,  when  the  huge 
masses  of  the  banks  crowded  toward  the  axis  of  the  canal  and  dis- 
turbed the  condition  of  pressure  that  existed  prior  to  the  occurrence 
of  the  shdes.  Part  of  the  shoahng  in  the  canal  is  undoubtedly  due 
to  the  resistance  to  the  motion  of  the  mass  at  some  part  of  the  bottom, 
which  throws  part  of  the  shde  itself  upward  with  the  effect  shown. 

According  to  Senator  Kearns's  theory,  gases  forming  somewhere  in 
the  interior  of  the  earth  in  escaping  carry  wdth  them  eruptive  material 
to  the  place  of  least  resistance,  or  in  this  instance  through  the  bottom 
of  the  canal.  The  breaks,  which  produced  fissures  several  hundred 
feet  deep,  liberated  no  gas.  With  a  pressure  sufficient  to  accomplish 
such  destruction  of  the  structural  formation  of  the  rocks,  apparently 
the  gases  returned  to  their  storage  to  attempt  later  a  forced  passage 
through  the  bottom.  We  unconsciously  endeavored  to  assist  their 
efforts  by  digging  away  110  feet  of  their  container,  but  even  this  did 
not  induce  the  gases  to  come  forth;  thus  far  there  has  been  no  evi- 
dence of  escape  anywhere  along  the  fine  of  the  canal,  nor  has  there 
been  any  upheaving  movement  anyw^here  except  in  the  Culebra 
district,  where  the  shdes  occur.  So  long  as  there  is  no  movement  in 
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the  banks  we  are  able  to  reach  bottom  grade  and  keep  it.  Under  tho 
chcumstances,  those  on  the  work  still  adhere  to  their  behef  that 
subterranean  gases  have  nothmg  whatever  to  do  with  the  movements 
that  have  occurred. 

The  methods  proposed  for  securing  a  channel  through  the  slides 
and  to  maintain  it,  adopted  in  October,  1915,  were  laid  before  tho 
committee  of  the  National  Academy  of  Sciences,  including  the  sluicing 
operations  proposed  on  the  west  side,  but  no  suggestions  were  made 
which  modified  the  plan  in  any  way.  The  various  propositions  made 
by  a  number  of  people  seeking  to  help  us  in  our  troubles  were  care- 
fully considered,  as  were  also  the  theories  advanced  setting  forth  tho 
probable  causes.  There  were  a  number  of  letters,  the  writers  pro- 
posing, for  suitable  monetary  consideration,  to  cure  the  slides,  but 
these  were  filed.  None  of  the  suggestions  or  theories  tended  in  any 
way  to  change  the  plans  adopted. 

The  dredges  did  their  work  so  well  that  a  channel  was  cut  tlu'ough 
the  Istlmius  connecting  the  two  banks,  of  sufficient  size  to  pass  the 
small  ships  still  tied  up  and  awaiting  transit.  By  April  15,  1916,  a 
sufficiently  stable  channel  had  been  secured  to  warrant  opening  the 
canal  to  navigation,  and  the  transit  of  shipping  has  contmued  to 
date.  Except  at  "Gibraltar"  the  waterway  is  500  feet  wide  with  40- 
foot  depth  over  the  greater  part,  this  depending  on  the  movements 
that  occur  in  the  banks.  So  far  as  the  Culebra  slides  are  concerned, 
the  worst  is  over;  the  intervals  between  movements  are  becoming 
greater  and  the  quantities  of  material  less;  the  only  danger  being  at 
"Gibraltar,"  but  it  is  hoped  that  the  excavation  continued  along  the 
Imes  contemplated  will  enable  the  widening  of  this  section  to  the 
adopted  prism  line  without  interfering  in  any  way  with  the  transit 
of  shipping.  The  reopening  of  the  canal  was  at  the  begmning  of  the 
rainy  season,  and  thus  far  the  rainfall  has  been  above  the  normal. 

The  recent  movement  at  Cucaracha  was,  as  usual,  the  unexpected, 
commg  as  it  did  from  the  high  ground  in  the  northeast  comer  of  tho 
slide  area.  The  difficulty  attending  this  was  not  a  question  of  amount 
of  material,  for  the  dredges  could  cope  easily  with  the  movement  on 
this  score;  the  hard  flinty  rock  was  difficult  to  break  up,  and  caused 
irritating  and  aggravating  delays. 

As  predicted  at  the  time  the  great  Culebra  movements  occurred, 
the  slides  will  be  overcome  finally  and  for  all  time,  notwithstanding 
the  calamity  howlei-s  and  in  spite  of  the  disastrous  predictions  of  the 
''know-it-afls." 

MECHANICAL  DIVISION. 

The  mechanical  division  continued  in  charge  of  Naval  Constructor 
D.  C.  Nutting,  United  States  Navy.  The  establishments  in  operation 
under  this  division  consisted  of  the  Balboa  shops,  including  car 
shop  and    roundhouse;  the  Paraiso  shops;  the  Cristobal  dry-dock 
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shops;  the  Cristobal  roundhouse,  and  car  shop;  and  the  car  inspec- 
tion forces  at  Balboa  and  Mount  Hope. 

The  amount  of  work  on  the  di-edging  equipment  and  vessels  using 
the  canal  was  sufficient  to  permit  organizing  the  forces  at  Paraiso 
and  the  dry-dock  shops  at  Cristobal  on  a  marine  basis.  The  marine 
work  at  Balboa  increased  materially.  It  was  anticipated  that  the 
Paraiso  shops  would  not  be  operated  during  the  past  fiscal  year,  but 
due  to  the  slides  in  Gaillard  Cut  it  developed  that  these  shops  per- 
formed more  work  than  at  any  time  since  their  establishment. 

At  the  end  of  the  year  the  capstans  and  the  traveling  crane  for 
Dry  Dock  No.  1  had  not  been  delivered,  and  the  official  test  of  the 
dock  pumps  had  not  been  begun.  It  was  possible,  however,  on 
June  28,  to  dock  the  seagoing  ladder  dredge  Corozal  and  to  remove 
the  water  from  the  dock  with  the  main  pumps. 

Delay  in  the  completion  of  building  No.  29  for  covermg  the  air- 
compressor  plant  and  dock  pumps  prevented  starting  the  new  electric- 
driven  air-compressor  plant  until  April  and  kept  the  old  Balboa  plant 
in  service  under  the  electrical  division.  Three  electrically  driven 
air-compressor  units  were  purchased  for  installation  in  building  No. 
29,  but  in  view  of  the  delay  in  their  installation  and  the  bad  condition 
of  the  air  compressors  at  Cristobal  dry-dock  shops,  it  seemed  desirable 
to  divert  one  of  them  to  Cristobal.  As  purchased,  there  were  two 
units  of  2,500  feet  capacity  and  one  of  5,000  feet  capacity.  One  of 
the  former  was  installed  at  Cristobal.  It  is  now  found  that  the  thi-ee 
machines  intended  for  use  at  Balboa  will  probably  be  insufficient  to 
supply  all  demands,  and  it  is  intended  to  add  another  5,000-foot  imit, 
thus  making  the  total  capacity  12,500  cubic  feet  per  minute  instead 
of  10,000  cubic  feet,  as  originally  designed. 

Provision  for  car-shop  work  at  Balboa  proved  inadequate  during 
the  rush  of  railroad  transportation  incident  to  the  closing  of  the  canal 
in  September,  1915,  necessitating  the  opening  of  the  old  car  shops  at 
Cristobal  for  work  on  box  cars  and  Roger  ballast  cars.  These  shops 
were  closed  on  July  29,  1916,  and  the  work  transferred  back  to  Balboa, 
where  conditions  had  improved  so  as  to  permit  its  being  handled 
there. 

The  purchase  of  new  tools  and  the  increase  in  the  amount  of 
marine  work  w^ll  necessitate  alterations  and  additions  to  some  of  the 
shop  buildings  at  the  Balboa  shops. 

At  Paraiso  a  considerable  increase  in  the  macliinery  of  the  plant 
was  made;  an  extension  was  built  to  the  blacksmith  shop  for  housing 
the  flange  fires  and  an  additional  steam  hammer,  and  oil  fuel  was  pro- 
vided for  its  operation.  The  tool  room  was  extended  into  the  space 
previously  used  as  a  shops'  office,  and  the  space  formerly  used  as  an 
air-compressor  plant  was  converted  into  an  office  for  foremen.  With 
the  increase  of  work,  the  thi^ee  550-foot  motor-driven  air  compressors 
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proved  inadequate  to  supply  compressed  air,  and  one  of  the  Babcock 
&  Wilcox  boilers  formerly  in  use  at  the  Gold  Hill  sluicing  plant  was 
erected  and  connected  to  a  2,500-foot  air  compressor  from  the  old 
Empire  air-compressor  plant;  the  pumps  for  water  service  under  the 
municipal  engineering  division  were  supplied  with  steam  from  the 
same  boiler,  thus  permitting  one  force  to  handle  both  the  air  com- 
pressor and  the  pumps. 

At  the  dry-dock  shops,  Cristobal,  very  little  work  incident  to  im- 
provement of  the  plant  was  done,  with  the  exception  of  installing  the 
new  electric-driven  air-compressor  and  electric  motors  for  operating 
the  dry-dock  pumps. 

All  heavy  repairs  to  locomotives  were  made  at  the  Balboa  shops 
and  covered  general  overhauling  of  14  engines,  besides  those  being 
repaired  and  packed  for  shipment  to  the  Alaskan  Engineering  Com- 
mission; 4  were  completed  for  the  latter  purpose,  and  4  are  now 
under  repairs  with  the  expectation  that  they  will  be  shipped  so  as 
to  arrive  in  Alaska  before  the  close  of  the  season  for  navigation. 

Extensive  repairs  were  made  to  the  launch  Birdena,  the  tug 
De  Lesseps,  launch  No.  26,  and  the  tugs  Reliance  and  Bolivar. 

The  floating  cranes  Ajax  and  Hercules  were  transferred  from  the 
mechanical  division  to  the  dredging  division  in  October,  1915. 

The  fuel-oil  pumpmg  plants  were  operated  by  the  mechanical 
division  until  September  1,  1915,  when  they  were  turned  over  to  the 
supply  department.  Two  additional  55,000-barrel  fuel-oil  tanks  were 
purchased  and  at  the  close  of  the  fiscal  year  one  at  Balboa  was  ready 
for  service,  while  the  foundations  had  been  prepared  for  the  one  at 
Mount  Hope  and  the  work  of  its  erection  had  begun.  Two  5,000- 
barrel  gasoline  tanks — one  at  Balboa  and  one  at  Mount  Hope — were 
erected  and  connected.  A  500-barrel  tank  was  also  erected  at  Balboa 
with  connection  to  a  standpipe  for  filling  tank  cars  on  the  tracks  of 
the  Panama  Electric  Co.  for  transporting  fuel  oil  to  their  plant  in 
Panama. 

The  necessity  for  using  air  drills  on  the  banks  abreast  the  slides 
required  considerable  compressed  air  immediately  adjacent  to  the 
work.  This  was  obtained  by  installing  two  2,500-foot  air  compressors, 
from  the  old  Empire  air-compressor  plant,  on  board  the  seagoing 
suction  dredge  Carihlean,  operated  by  steam  furnished  by  the  boilers 
of  the  vessel.  Later  it  was  decided  to  convert  the  Carihhean  into  a 
cattle  boat  for  transporting  native  cattle  from  Colombia  for  the  com- 
missaries, and  compressed  air  was  then  supplied  by  two  of  the  Bab- 
cock &  Wilcox  boilers  previously  in  use  at  the  Gold  Hill  sluicing  plant, 
installed  on  the  deck  of  an  old  rock  barge,  together  with  a  2,500-foot 
compressor  installed  at  either  end. 

Vessels  were  docked  during  the  year  at  the  Cristobal  dry  dock  as 
follows — 67  for  the  dredging  division,  3  for  the  marine  division,  10  for 
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the  Panama  Railroad,  5  for  the  Army,  8  for  the  Navy,  4  for  mdi- 
vichials  and  companies,  7  for  the  east  breakwater,  and  2  for  the 
Panaman  Government. 

Work  done  for  individuals  and  companies  included  extensive 
repairs  to  the  boilers  of  the  steamships  ^Vldtgift  and  St.  Louis,  to  the 
rudder  of  the  Curaca  and  to  the  stern  of  the  Elm  Branch,  Three 
manufacturing  orders  of  considerable  magnitude  were  accomplished 
for  the  Ferrocarril  de  Arica  a  La  Paz,  consisting  of  six  cast-steel 
frames  for  geared  mountain  climbing  locomotives,  3,000  semisteel 
rail  chairs,  and  16  steel  gears  for  use  on  locomotives. 

For  further  details,  and  a  statement  of  the  amount  of  work  done 
during  the  year  by  the  various  shops,  attention  is  invited  to  Ap- 
pendix F. 

SUPPLY  DEPARTMENT. 

The  supply  department  has  charge  of  the  storage  and  distribution 
of  materials  and  supplies  for  use  of  The  Panama  Canal  and  its  em- 
ployees; for  other  departments  of  the  United  States  on  the  Isthmus 
and  their  employees;  for  vessels  of  the  United  States,  and  for  other 
vessels  when  desired  by  them.  It  operates  commissaries,  hotels, 
and  messes;  has  charge  of  the  maintenance  of  buildings  and  the 
assignment  of  quarters  and  care  of  grounds.  It  recruits  and  dis- 
tributes unskilled  labor  and  is  in  charge  of  all  animal  transportation. 
The  department  continued  in  charge  of  Maj.  W.  P.  Grove,  United 
States  Army. 

The  labor  force  remained  practically  intact  during  the  greater  part 
of  the  year,  because  of  the  terminal  construction  and  the  dredging  in 
Gaillard  Cut.  In  May,  due  to  the  near  completion  of  the  dry  dock  and 
coaling  stations,  the  force  was  reduced,  the  force  report  showing  a 
total  of  23,462  employed  on  June  30,  1916,  as  compared  with  26,897 
employed  on  June  30,  1915,  or  a  net  reduction  of  3,435.  There  was  a 
surplus  of  labor  throughout  the  year  in  all  grades.  The  repatriation 
of  those  for  whom  it  was  impossible  to  find  work  was  continued,  and 
1,661  took  advantage  of  it,  at  a  cost  to  the  canal  of  $33,919.65.  No 
contract  laborers  were  recruited. 

Quarters. — The  village  of  Corozal  was  abandoned  effective  Decem- 
ber 1,  1915,  and  the  houses  occupied  by  canal  employees  turned  over 
to  the  Army.  The  transfer  of  the  gold  employees  and  their  families 
to  the  Ancon-Balboa  district  resulted  in  a  congestion  in  this  district, 
the  number  of  applications  on  file  for  cjuarters  increasing  to  379  on 
June  30,  1916,  as  compared  with  274  on  June  30,  1915.  On  June  30, 
1916,  there  were  850  applications  for  family  cpiarters  on  file,  includ- 
ing 114  for  families  occupying  regular  or  nonhousekeeping  family 
quarters  at  stations  other  than  those  at  which  applications  were 
filed. 
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Additional  quarters  were  completed  and  occupied  as  follows: 

Fifteen  4-family,  seven  2-family,  twelve  1-family,  all  frame;  two 
2-family,  ten  4-family,  concrete;  one  special  bachelor  apartment,  of 
concrete;  one  special  bachelor  apartment,  frame. 

Corrals. — There  was  no  decrease  in  the  demand  for  wagon  trans- 
portation, all  animals  being  worked  to  their  full  capacity.  Due  to 
improved  road  conditions,  particularly  on  the  Pacific  terminal,  motor 
trucks  were  substituted  for  animal-drawn  wagons,  both  for  delivery 
service  and  trucking.  Animals  dying  or  destroyed  during  the  year 
amounted  to  37;  animals  surveyed  and  sold,  3;  and  animals  in 
corrals  at  the  close  of  the  fiscal  year  totaled  519 — horses  118,  mules 
390,  and  ponies  11. 

Material  ami  sui^plies. — A  total  of  1,776  requisitions  were  prepared 
and  forwarded  to  the  general  purchasing  officer,  as  compared  with 
1,428  during  the  previous  year.  The  total  value  of  material  received 
was  $9,945,390.32,  as  compared  with  $8,018,418.03  for  the  previous 
year,  the  increase  being  largely  due  to  the  increased  prices  of  mate- 
rial. The  local  purchases  amounted  to  $1,569,812.15,  as  compared 
with  $1,360,469.71  for  the  previous  fiscal  year. 

There  was  a  general  increase  in  the  price  of  many  of  the  staple 
articles  of  material,  especially  iron  and  steel;  the  average  price  of 
steel  and  iron  on  hand  June  30,  1915,  was  $1.63  per  cwt.,  as  com- 
pared with  $2.17  per  cwt.  on  June  30,  1916. 

All  storehouse  operations  were  placed  under  the  supervision  of  a 
general  storekeeper,  comprising  the  storehouses  at  Balboa,  Paraiso, 
the  obsolete  stores  at  Mount  Hope  and  at  the  dry  dock,  Cristobal. 
On  June  30,  1916,  the  value  of  material  in  stock  was  $4,198,392.34, 
as  against  $2,925,332.91  on  June  30,  1915,  not  including  the  stock 
of  obsolete  and  retired  material  and  equipment  on  hand  at  the 
Mount  Hope  store.  The  increase  in  the  value  of  the  stock  material 
was  due,  in  large  measure,  to  an  increase  in  the  purchase  price  of  a 
large  number  of  items.  The  consumption  of  cement  amounted  to 
567,024  barrels. 

Scrap. — The  policj'  of  concentrating  at  the  obsolete  storehouse  aft 
Mount  Hope  all  surplus,  obsolete,  and  scrap  material  and  equipment 
was  continued.  The  sales  of  this  material  continued  to  be  made, 
under  authority  of  the  sundry  civil  act  of  March  3,  1915,  and  the 
Executive  order  of  May  12,  1915. 

The  American  scrap  operations  at  the  obsolete  store  show  on  hand 
48,909  net  tons,  of  which  21,249  were  received  during  the  year. 
There  were  shipped  to  the  United  States  10,156  net  tons,  and  issued 
locally  5,969  net  tons,  or  a  total  of  16,125,  leaving  on  hand  32,784 
net  tons.  Under  advertisements  contracts  were  made  for  the  sale 
of  0,210  net  tons  of  miscellaneous  scrap  to  the  Federal  Iron  &  Steel 
Co.,  of  Newark,  N.  J.,  for  $31,707.56,  and  6,000  gross  tons  of  scrap 
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rail  to  the  David  Kaufman  &  Sons  Co.,  Elizabetliport,  N.  J.,  for 
$48,280.  Under  a  later  circular,  13,310  net  tons  of  miscellaneous 
scrap  were  sold  to  the  Federal  Iron  &  Steel  Co.  for  $78,333.98, 
890  net  tons  of  miscellaneous  scrap  to  the  David  Kaufman  &  Sons 
Co.  for  $4,1-17.20;  and  810  net  tons  to  N.  Samuels  &  Sons  Co.,  of 
New  York,  for  $3,936.50.  All  of  the  material  sold  under  the  first 
circular  was  paid  for  in  full  by  the  purchasers,  but  a  large  part  of 
it  remains  on  the  Isthmus.  About  890  tons  of  material  under  the 
second  circular  has  been  paid  for,  but  not  removed  from  the  Isthmus. 
The  contractors  are  paying  storage  on  all  the  material  sold  but  not 
yet  removed. 

Material  to  the  value  of  $220,116.40  was  sold  from  the  storehouses 
to  the  United  States  Army  organization  stationed  on  the  Isthmus. 
The  principal  items  consisted  of  forage,  lumber,  building  material, 
and  general  hardware.  There  was  an  increase  in  value  of  supplies 
sold  to  steamships  in  transit  through  the  canal  and  those  touching 
at  the  two  terminals.  The  value  of  supphes  sold  was  $70,918.22, 
representing  miscellaneous  ship  supplies  for  860  steamei"s. 

Surplus  and  obsolete  material  with  an  appraised  valuation  of 
$222,735.24  was  forwarded  to  the  United  States  for  sale.  Local 
credit  and  cash  sales  of  obsolete  material  and  equipment  amounted 
to  $205,473.94,  and  obsolete  material  to  the  value  of  $292,994.89  was 
issued  and  transferred  from  the  obsolete  store  to  divisions  of  the  canal. 
There  was  on  hand  on  June  30,  1916,  surplus  and  obsolete  material 
with  an  appraised  value  of  $665,396.40. 

Fuel-oil  plants  and  storage. — The  supply  department  took  over  the 
construction  of  the  Balboa  and  Moimt  Hope  fuel-oil  plants  on  Sep- 
tember 1,  1915.  The  Panama  Canal  received  during  the  year  676,497 
barrels,  of  which  579,389  were  stored  in  its  tanks  at  Balboa  and  the 
balance,  97,108  barrels,  at  Mount  Hope.  Of  the  amount  stored, 
517,191  barrels  were  drawn  from  Balboa  and  108,746  from  Moimt 
Hope  for  use  by  The  Panama  Canal.  To  outside  parties  48,427  bar- 
rels were  sold  from  Balboa,  and  12,093  barrels  from  Momit  Hope. 
Oil  handled  for  individuals  and  companies  through  the  oil  pumping 
plants  aggregated  893,165  barrels,  and  the  total  amount  of  fuel  oil 
handled  through  the  Balboa  and  Mount  Hope  oil  plants  was  2,256,119 
barrels. 

Gasoline. — A  new  storage  tank,  with  a  capacity  of  200,000  gallons, 
was  completed  September  9  at  Balboa,  and  the  first  cargo  of  bulk  gaso- 
Ime  of  102,476  gallons  was  received  February  IS,  1916.  An  additional 
cargo  of  100,550  gallons  was  received  March  26,  1916,  and  emptied 
into  tank  No.  3 1 .  The  installation  of  the  ' '  Martini  Hueneke"  system 
for  protecting  gasoline  in  storage  against  accidental  ignition  of  its  con- 
tents was  completed  at  storage  tank  No.  31  on  June  28.  This  system 
provides  and  maintains  a  blanket  of  inert  noninflammable  gas  in 
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the  tank  above  the  surface  of  the  gasohne.  Storage  tank  No.  27  at 
Mount  Hope,  with  a  capacity  of  200,000  gallons,  was  completed 
December  15,  1915.  Up  to  the  end  of  the  year  it  had  not  been  con- 
sidered necessary  to  order  a  supply  of  gasoline  for  the  Atlantic  side. 
The  total  amoimt  sold  to  outside  parties  was  199,280  gallons,  and 
used  by  The  Panama  Canal  362,371  gallons. 

Subsistence. — The  supply  department  continued  the  operation  of 
the  Washington,  Tivoli,  and  Aspinwall  Hotels,  also  the  line  restaurants 
and  laborers'  messes.  The  Hotel  Washington  is  owned  by  the 
Panama  Kailroad  Company  and  the  remainder  by  The  Panama  Canal. 
The  revenues  of  the  Tivoli  and  Washington  showed  an  increase  over 
the  previous  year  of  $33,310.26. 

The  Tivoli  Hotel  showed  a  net  profit  of  $24,929.85,  compared  with 
a  loss  of  $1,974.16  for  last  year.  Had  a  charge  been  made  for  build- 
ing repairs  a  net  profit  of  $17,007.51  would  have  been  shown.  While 
some  of  this  increase  may  be  due  to  the  tourist  traffic,  the  larger  part 
is  due  to  the  interest  of  American  business  men  in  Panama  and  South 
America.  It  is  believed  that  this  element  of  the  business  will  increase 
and  that  there  will  be  a  demand  on  the  hotel  facilities  in  the  future 
for  accommodations  for  representatives  of  American  business 
enterprises. 

The  existing  structure  (frame)  is  badly  ant-eaten  and  rotted,  so 
that  extensive  repairs  will  have  to  be  made  or  a  new  building  con- 
structed, and  I  am  including  in  the  estimates  for  the  next  fiscal  year 
the  sum  necessary  for  building  a  new  structure  of  reinforced  concrete. 
The  experiment  with  the  Hotel  Aspinwall  at  Taboga  was  continued, 
but  employees  availed  themselves  of  the  opportmiity  so  little  that 
on  July  1,  1916,  the  hotel  was  closed,  the  loss  amounting  to  $4,554.09. 
The  hotel  at  Corozal  was  closed  when  the  village  was  vacated  and 
turned  over  to  the  Army. 

The  net  revenue  for  the  year  fj^om  restaurants  and  messes  was 
$661,017.90,  while  the  total  cost  of  operations  was  $648,565.39,  result- 
ing in  a  profit  of  $12,452.51.  Had  the  charges  for  building  repairs, 
fuel,  light,  etc.,  been  made,  there  would  have  been  a  net  loss  of 
$3,727.68.  No  charge  for  equipment  has  been  made,  but  is  absorbed 
by  allotments  from  appropriations. 

Congress  appropriated  money  for  rebuilding  the  restaurants,  sub- 
stituting concrete  and  tile  construction  with  equipment  of  glass  and 
metal  from  the  old  frame  structures.  This  will  enable  the  hotels  to 
be  kept  vermin-proof  and  thoroughly  sanitary.  The  cafeteria  system 
has  so  completely  met  the  conditions  on  the  Canal  Zone  that  it  will 
be  extended  to  the  Ancon  restaurant,  which  has  been  maintained 
heretofore  solely  on  the  h  la  carte  basis. 

Mount  Hope  printing  plant. — The  value  of  the  stock  on  hand  at  the 
close  of  the  year  was  $53,407.02,  as  against  $45,198.38  for  the  pre- 
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ceding  year.  To  the  equipment  were  added  five  Chandler  &  Price 
phxten  presses  with  motors  for  operating,  and  various  other  small 
items,  at  a  total  cost  of  $1,960.30.  The  value  of  the  equipment  on 
hand  is  $37,897.57. 

The  commissaries  of  the  Panama  Kailroad  were  operated  by  the 
supply  department.  On  accomit  of  the  high  cost  of  beef  purchased 
in  the  United  States  the  purchase  of  local  cattle  was  continued, 
ranges  provided  for  fattening,  and  an  abattoir  constructed.  During 
the  year  the  abattoir  was  enlarged  and  a  fattening  house  constructed, 
which  is  being  operated  in  connection  with  it.  A  total  of  7,762  cattle 
were  killed  and  3,843,377  pounds  of  dressed  beef  turned  out,  the 
value  of  which  amounted  to  $446,682.69. 

For  further  details  attention  is  invited  to  Appendix  G. 

ACCOUNTING  DEPARTMENT. 

The  organization  of  the  department  was  unchanged  daring  the 
year.  Mi-,  H.  A.  A.  Smith,  as  auditor,  continued  at  the  head  of  the 
department,  and  immediately  in  charge  of  the  division  of  auditing 
and  accounting,  Mr.  John  H.  McLean,  as  pa3rmaster,  and  Mr.  T.  L. 
Clear,  as  collector.  The  office  of  the  department  in  the  Washington 
office  was  under  Judge  B.  F.  Harrah,  as  assistant  auditor,  with  m 
\irgd  C.  Miller,  as  disbursing  clerk. 

The  paymaster  disbursed  $26,933,528.35,  of  which  $8,694,110.12 
was  on  account  of  the  Panama  RaHroad  Company.  Collections 
made  on  pay-rolls,  mainly  on  account  of  coupon  books  and  meal 
tickets,  amounted  to  $2,709,743.60.  Of  this  amount  $2,556,093.08 
were  disbursed  directly  by  the  paymaster,  and  the  balance'  trans- 
ferred to  the  collector's  account.  The  Commercial  National  Bank  of 
Washington,  D.  C,  established  a  branch  on  the  Isthmus,  which  was 
made  a  Government  depository  as  well  as  a  fiscal  agent. 

Collections  made  and  repaid  to  appropriations  amounted  to 
$7,220,622.65.  The  sum  of  $2,756,764.83  was  collected  and  deposited 
as  miscellaneous  receipts.  Under  the  provisions  of  section  3  of  the 
sundry  civil  act  of  March  3,  1915,  the  Comptroller  of  the  Treasury 
h-as  detailed  employees,  one  from  the  office  of  the  auditor,  War 
Department,  and  the  other  from  the  office  of  the  Comptroller  of  the 
Treasury,  to  make  the  required  semiannual  examination  of  the  collec- 
tion accounts  on  the  Isthmus. 

A  number  of  small  claims  for  damages  to  vessels  passing  through 
the  locks  were  made,  in  accordance  with  the  provision  of  section  5  of 
the  Panama  Canal  act,  and  $1,578.65  were  paid  in  settlement  of  13 
claims. 

Appropriations  by  Congress  for  the  oanal  and  the  fortifications 
thereof    aggregated    $415,985,149.02,    including    the    appropriations 
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made  July  1,  1916.  Of  this  amount  $19,224,873.30  were  for  fortifi- 
cations; $1,000,000  to  cover  the  four  annual  payments  of  $250,000 
each  to  the  RepubHc  of  Panama,  and  $6,000  for  the  expense  of  pre- 
senting the  steam  launch  Louise  to  the  French  Government,  In  ad- 
dition, $7,050,000  were  appropriated  for  operation  and  maintenance, 
sanitation,  and  civil  government  for  the  fiscal  year  1917,  and  $6,440,- 
000  for  the  fiscal  year  1916,  while  $4,289,159  were  charged  against  the 
operation  and  maintenance  of  the  canal  for  the  year  ending  June  30, 
1915.  Of  the  stock  of  material  and  supplies  on  hand  $2,225,000  wiU 
be  used  and  charged  against  the  operation  and  maintenance  of  the 
canal.  Three  million  four  hundred  thousand  dollars  were  appro- 
priated for  colliers,  $800,000  for  Dock  No.  6,  Cristobal,  and  $600,000  for 
new  boilers  in  the  steamships  Ancon  and  Cristobal,  which,  deducted 
from  the  total  sum  appropriated,  leaves  $370,950,116.72,  or  a  balance 
of  $4,250,783.28  available  for  appropriation  within  the  limit  of  cost 
of  the  canal  and  the  authorized  bond  issue. 

Up  to  June  30,  1916,  the  miscellaneous  receipts  covered  into  the 
Treasury,  exclusive  of  tolls  and  Canal  Zone  revenues,  amounted  to 
$6,832,144.14,  so  that  the  cost  of  the  canal  to  date,  so  far  as  con- 
struction is  concerned,  amounts  to  $364,117,972.58.  This  takes  no 
account  of  receipts  from  future  sales  of  construction  material  and 
equipment,  payments  to  be  made  by  the  Republic  of  Panama  for  the 
sums  expended  on  accomit  of  waterworks,  sewers,  and  pavements  in 
the  terminal  cities,  and  the  equipment  transferred  to  the  Alaskan 
Engineering  Commission  and  the  State  Department.  The  estimated 
value  of  the  items  so  transferred  aggregated  $7,155,978.80.  In  addi- 
tion to  the  construction  of  the  canal,  covered  by  the  estimates  on 
which  the  bond  issue  was  authorized,  a  dry  dock,  two  coaling  stations, 
terminal  piers,  and  wharves  have  been  built,  as  well  as  a  new  hospital 
at  Colon  and  new  building  for  the  Ancon  Hospital,  none  of  which  was 
contemplated.  Fmihermore,  injury  claims  amounting  to  more  than 
$1,000,000  were  paid,  and  not  provided  for  in  the  esthnates  of  1908. 

Under  the  agreement  with  the  Republic  of  Panama,  which  requires 
the  reimbursement  to  the  United  States  for  expenditures  for  water- 
works, sewers,  and  pavements  in  the  terminal  cities,  the  expenditures 
to  June  30,  1916,  totaled  $3,853,576.15.  The  United  States  has  been 
reimbursed,  or  is  immediately  due  $1,789,895.11,  leaving  a  balance 
of  $2,063,681.04  payable  hi  installments  during  the  next  44  years  for 
work  done  in  the  two  cities. 

There  were  expended  in  construction  work  $8,844,125.26,  the 
principal  items  of  which  were  the  east  breakwater  at  Colon,  $1,238,- 
611.68;  dredging  from  Gatun  to  Pedro  Miguel,  $104,738.79;  aids  to 
navigation,  $43,828.20,  including  Punta  Mala  light  $19,048.63,  Bona 
Island  light  $2,974.52,  Taboguilla  light  $3,601.76,  mooring  station  at 
Paraiso  $3,519.30,  and  Sosa  Hill  station  $5,214.56.     For  the  Atlantic 
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terminal  $1,551,747.62  were  expended  for  the  Cristobal  coaling  plant 
and  $42,771.88  for  the  fuel-oil  plant.  At  the  Pacific  terminal  $"3,062,- 
379.61  were  expended  for  the  dry  dock  and  $953,332.82  for  dredging 
the  inner  harbor;  for  the  coaling  station,  $920,226.68;  Balboa  shops, 
$232,418.97;  fuel-oil  plant,  $58,068.42;  for  permanent  townsites' 
$278,011.34,  and  for  permanent  buildings,  $1,019,089.82;  at  Mount 
Hope  for  sanitary  fill,  $22,089.62,  and  for  the  construction  of  roads, 
not  including  townsites,  $76,877.03. 

For  maintenance  and  operation  $6,999,750.15  were  expended  as 
against  $4,123,128.09  last  year.  The  main  item  of  expense  was 
$3,513,350.06  for  dredging  12,430,209  cubic  yards  of  material  due  to 
the  slides,  while  during  the  previous  year  there  were  expended 
$1,633,030.06  for  the  removal  of  4,710,566  cubic  yards  of  material 
from  the  same  causes. 

The  tolls  collected  amounted  to  $2,399,830.42,  as  against '$4,343,- 
383.69  last  year.  Accompanying  the  detailed  report  of  the  auditor 
is  a  statement  showing  the  tolls  collected  from  each  ship  and  the 
amounts  that  would  have  been  collected  under  the  Panama  Canal 
rules.  The  business  operations  show  a  profit  of  $11,898.44,  as  against 
the  loss  of  $56,400.78  last  year. 

Under  claims  for  injuries  and  deaths,  2,349  accidental  injuries  and 
39  accidental  deaths  of  Panama  Canal  employees  occurred  in  connec- 
tion with  their  work.  Of  the  injuries  reported,  clamis  in  741  cases 
were  approved  and  35  disapproved.  Fourteen  death  claims  were  ap- 
proved and  6  were  disapproved,  while  19  cases  were  pending  at  the 
end  of  the  year.  On  account  of  injuries  to  employees  $32,341.85 
were  allowed,  and  on  account  of  deaths  $33,321.07  '  To  employees 
of  the  Panama  Railroad  $9,056.66  were  allowed  for  injuries,  and 
$3,330.24  were  allowed  on  account  of  deaths.  The  total  amount 
paid  by  The  Panama  Canal  as  compensation  on  account  of  injuries 
and  deaths  of  employees  since  August  1,  1908,  the  effective  date  of 
the  act  of  May  30,  1908,  was  $1,338,653.69. 

Coupon  books  to  the  value  of  $3,250,132.50  were  issued  during  the 
year  to  employees  on  pay-roll  deduction.  Commissary  and  hotel 
coupon  books  to  the  value  of  $1,615,903.80  were  sold  for  cash.  Meal 
tickets  to  the  value  of  $126,397.87  were  issued  to  silver  employees. 

The  accounts  of  all  officials  and  employees  charged  with  the  col- 
lection, disbursement,  or  the  custody  of  Panama  Canal  and  Panama 
Raih'oad  funds,  or  with  funds  which  were  semipublic,  are  examined 
at  frequent  and  irregular  periods,  as  contemplated  by  the  regulations. 

For  further  details  attention  is  invited  to  Aj^pendLx  H. 
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EXECUTIVE  DEPARTMENT. 

The  department  embraces  the  various  civil  functions  pertaming  to 
the  government  of  the  Canal  Zone,  the  courts,  the  offices  of  the 
special  attorney  and  the  district  attorney,  and  the  Canal  Kecord. 
It  is  in  charge  of  Mr.  C.  A.  Mcllvaine,  executive  secretary,  acting  under 
the  Governor.  The  organization  of  the  executive  department  and  of 
the  executive  office  was  continued  along  the  lines  set  forth  in  the  an- 
nual report  for  1915. 

DIVISION    OF    CIVIL   AFFAIRS. 

The  work  of  the  customs,  posts,  local  licensing,  administration  of 
estates  of  deceased  employees,  shipping  commissioner,  and  publica- 
tion of  the  weekly  bulletin,  the  Canal  Record,  was  carried  on  by  this 
division. 

Shipping  commissioner. — The  shipping  commissioner  exercised 
practically  the  same  powers  as  are  exercised  by  American  consuls  in 
foreign  ports.  As  this  power  was  questioned  Congress  was  requested 
to  enact  legislation  making  it  definite,  and  provision  was  made  in  the 
act  approved  August  21,  1916,  accomplishing  the  purpose.  In  the 
same  connection,  the  diplomatic  and  consular  appropriation  act, 
which  became  a  law  on  July  1,  included  The  Panama  Canal  Zone  in 
the  countries  to  which  relief  and  protection  of  American  seamen  would 
be  extended. 

Customs. — On  September  15  the  Government  of  Panama  was  noti- 
fied that  the  existing  Chinese  exclusion  laws  would  not  be  held  to 
apply  to  Chinese  crews  of  vessels.  Customs  officers  were  directed  to 
continue  checking  the  Chinese  crews,  but  to  make  no  further  effort  to 
prevent  them  from  coming  ashore  in  the  Canal  Zone. 

The  act  of  August  21,  1916,  confers  upon  the  President  authority 
to  make  rules  and  regulations  touching  the  right  of  persons  to  enter 
the  Canal  Zone,  and  besides  other  things,  to  require  a  ship  bringing 
an  undesirable  to  the  Canal  Zone  to  return  him  to  the  place  of  origin. 

During  the  year  395  prohibited  aliens  arrived  at  Balboa  and  158  at 
Cristobal,  in  transit  to  the  Republic  of  Panama  and  other  countries. 
By  authority  of  the  Panaman  officials  343  were  allowed  to  disembark, 
1  escaped,  3  were  transferred  to  their  vessels  or  returned  to  the  port 
of  embarkation,  and  206  were  transferred  passengers. 

The  customs  bureau  and  police  division  are  in  possession  of  infor- 
mation indicating  that  large  quantities  of  opium  are  smuggled 
through  the  Canal  Zone  into  the  Republic  of  Panama  and  that  a 
considerable  portion  is  later  smuggled  into  the  United  States.  Every 
effort  has  been  made  to  break  it  up,  but  the  traffic  is  so  profitable 
that  it  can  only  be  stopped  by  assessing  heavy  fines  and  giving  long 
prison  sentences.     The  penalty  for  smuggling  opium  is  a  maximum 
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fino  of  S5;000  and  a  minimum  fine  of  $50  and  imprisonment  not 
exceeding  two  years,  or  both  such  fine  and  imprisonment.  There 
were  38  arrests  of  persons  and  vessels  on  this  charge,  of  whom  7 
were  acquitted.  In  the  majority  of  cases  found  guilty  the  minimum 
fijie  only  was  assessed.  The  largest  fine  assessed  any  individual  was 
$100  and  the  heaviest  fine  against  a  ship  was  $190.  It  is  difficult  to 
cope  with  the  problem  when  such  penalties  are  inflicted. 

The  total  number  of  vessels  entered  at  the  canal  ports  was  2,130, 
and  the  total  number  of  vessels  cleared  was  2,123.  There  were  2,631 
seamen  shipped  on  American  vessels  and  2,475  seamen  discharged. 

Licenses  and  taxes. — Licenses  and  permits  were  issued  to  the  number 
of  2,569,  of  which  1,078  were  for  motor  vehicles.  Motor-vehicle 
license  fees  in  the  Canal  Zone  have  been  considered  excessive,  and 
by  the  act  of  August  21,  1916,  the  President  is  given  power,  among 
other  things,  to  make  rules  for  regulating  licenses  and  taxing  the  use 
or  operation  of  aU  seK-propelled  vehicles  using  pubhc  highways  in 
the  Canal  Zone.     Under  this  law  the  license  fees  may  be  reduced. 

Postal  service. — Postal  receipts  for  1916  were  $1,060.90  more  than 
the  previous  year;  the  expenses  were  $9,739.19  less.  The  deficit 
was  $44,527.14,  as  compared  with  $55,327.23  in  1915.  In  connec- 
tion with  this  deficit  it  must  be  remembered  that  the  postal  service 
is  still  burdened  with  a  subsidy  to  the  Panaman  Government  equiva- 
lent to  40  per  cent  of  its  total  stamp  sales,  amounting  to  $27,207.86 
in  1916,  and  that  the  service  has  not  been  allowed  credit  in  the 
accounts  for  interest  earned  by  money-order  and  postal-savmgs  funds 
deposited  in  banks,  amounting  in  1916  to  about  $39,000.  This  latter 
handicap,  however,  is  removed  by  the  act  of  August  21,  1916. 

Deposit  money  orders  issued  had  a  total  value  of  $1,101,190  and 
payments  of  deposit  money  orders  during  the  same  period  aggregated 
$1,103,340,  leaving  a  balance  on  deposit,  June  30,  1916,  of  $350,650. 
These  deposit  money  orders  form  the  postal  savings  system  on  the 
Canal  Zone  and  draw  no  mterest.  Under  the  act  of  August  21,  1916, 
however,  interest  wiU  be  allowed  at  the  rate  of  2  per  cent. 

Mail  addressed  to  ships  transiting  the  canal  is  sent  to  the  office  of 
the  captam  of  the  port  at  which  the  ship  is  due  to  arrive  first,  and  is 
delivered  to  the  ship  by  the  boarding  officer  of  the  customs  service, 
who  is  also  prepared  to  sell  stamps,  accept  letters  for  registry,  as 
well  as  ordinary  mail,  and  furnishes  apphcations  for  both  domestic 
and  international  money  orders,  taking  the  money  from  the  remitter 
and  issuing  a  receipt. 

At  present  the  service  is  confronted  with  the  serious  problem  of 
the  rifling  of  registered  mail  dispatched  to  the  different  islands  of  the 
West  Indies,  and  this  matter  has  become  so  serious  that  it  is  necessary 
to  forward  all  such  mail  through  the  New  York  exchange  post  office. 
The  matter  is  imder  investigation. 
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In  Jmie,  1915,  tlie  limit  of  weight  of  mail  matter  of  the  third  and 
fourth  classes  was  raised  from  11  to  20  pounds,  to  conform  \vitli  the 
parcel  post  weights  in  effect  in  the  United  States. 

Canal  Record. — The  Canal  Record  is  devoted  to  the  publication  of 
shippmg  news,  statistics  of  traffic,  Executive  ordei-s,  official  advertise- 
ments, notices,  and  circulars.  The  cost  of  pubfication  was  reduced 
from  $13,585.15  in  1915  to  $10,806.28  in  191C.  Collections  on  ac- 
count of  subscriptions  and  the  sale  of  extra  copies  and  bound  volumes 
amounted  to  $561.50. 

POLICE    AND    FIRE    DIVISION. 

Contrary  to  expectation,  police  work  did  not  diminish  during  the 
year  1916  and  the  appropriations  were  therefore  inadequate.  Changes 
were  made  which  resulted  in  the  discharge  of  23  second-class,  or 
colored,  policemen,  and  the  reduction  in  pay  of  42  first-class,  or 
American,  policemen,  and  13  second-class.  For  military  reasons  the 
force  of  policemen  on  the  locks  was  increased  by  41  first-class  officers 
on  April  20,  and  these  men  were  recruited  from  the  military  force 
on  the  Isthmus.  A  patrol  launch  was  operated  at  the  Pacific  entrance 
of  the  canal  to  prevent  smuggling  and  irregular  tradmg,  one  at  the 
entrance  of  Gaillard  Cut,  at  Gamboa,  and  one  at  Gatun,  making  the 
regular  inspection  trips  and  assisting  in  the  work  of  depopulating 
the  Canal  Zone.  Continuous  guard  duty  was  perfomied  by  police- 
men at  the  Pedro  Miguel  and  Miraflores  Locks,  and  three  plain- 
clothes officers  were  stationed  at  Gatun  Locks,  which  were  guarded 
by  the  mifitary  forces. 

During  the  year  4,480  persons  were  ari'ested,  of  whom  274  were 
females.  Of  the  4,167  tried,  3,389  were  convicted,  767  were  discharged 
and  11  were  awaitmg  trial  at  the  close  of  the  year.  Of  the  remaming 
313  arrested  and  held  in  custody,  4  were  sent  to  the  asylum  for  the 
insane,  64  were  turned  over  to  the  military  authorities,  43  to  the 
quarantine  authorities,  27  to  the  Panaman  Government,  3  were 
extradited,  8  forfeited  their  bail  by  failure  to  appear  for  trial,  97 
were  deported,  and  66  were  returned  to  merchant  vessels.  There 
were  5  homicides  committed.  One  offender,  a  woman,  w^as  acquitted, 
1  was  sentenced  to  1  year  and  6  months  in  the  penitentiary,  1  to  20 
years,  and  2  were  awaiting  trial  at  the  close  of  the  year. 

In  cooperation  with  the  customs  officers,  special  effort  was  made  to 
break  up  the  traffic  in  smuggled  opium.  Thirty-five  persons  were 
arrested,  of  whom  29  were  convicted  and  6  dismissed.  Also  3  ves- 
sels were  prosecuted,  1  of  which  was  acquitted.  Fines  amounting  to 
$2,040  were  imposed. 

There  were  59  convicts  received  at  the  penitentiar}^,  a  decrease 
of  7  as  compared  with  the  previous  year.  At  the  close  of  the  year 
51  remamed  in  custody.     Prisoners  were  employed  on  the  construe- 
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tion  of  a  new  road  roughly  paralleling  the  canal  on  the  east  side,  an 
extension  of  the  highway  from  Panama  to  Gamboa,  and  5^  miles 
were  completed.  The  labor  performed  on  road  work  was  valued 
at  $10,256.60,  at  the  rate  of  10  cents  per  hour,  and  the  value  of 
labor  performed  inside  the  prison,  other  than  for  maintenance, 
amomited  to  $148.10.  The  cost  of  subsisting  and  guarding  the  con- 
victs amomited  to  $18,525.32,  of  which  $4,935.21  were  expended  for 
subsistence  for  convicts,  $1,356.32  for  subsistence  of  guards,  $7,173.32 
for  salaries  of  officers  and  guards  of  the  penitentiary,  and  $5,061.03 
for  salaries  of  officei-s  and  guards  on  road  work. 

The  fire  force  remained  the  same  as  at  the  close  of  the  last  fiscal 
year.  The  only  important  fire  occurrmg  in  the  Canal  Zone  was  on 
the  S.  S.  Antonio  Lopez  at  Cristobal,  which  was  extinguished  after 
a  loss  of  $20,000. 

DIVISION    OF   SCHOOLS. 

Schools  for  white  children  were  conducted  at  Empire,  for  the  first 
six  grades;  Paraiso,  first  three  grades;  Pedro  Miguel,  first  seven 
grades;  Colon  Beach,  first  four  grades;  Cristobal,  eight  grades  and 
two  years  m  high  school;  Ancon  and  Gatun,  eight  grades;  Balboa, 
eight  grades  and  four  years  in  high  school.  Children  living  m  villages 
where  the  schools  did  not  offer  the  work  for  which  they  were  fitted 
were  furnished  transportation  to  the  nearest  school  furnishing  proper 
facilities.  The  school  at  Corozal  was  closed  November  19,  1915,  and 
the  children  of  officers  and  enlisted  men  of  the  Army  quartered  there 
were  furnished  transportation  to  attend  school  at  Balboa. 

Physical  examinations  of  pupils  in  the  grade  schools  were  made 
in  October.  Physical  training  was  contmued  under  the  direction  of 
the  physical  directors  of  the  various  clubhouses. 

A  four-year  commercial  course  was  added  to  the  high-school  work 
at  the  beginning  of  the  school  year,  and  45  pupils  were  enrolled.  The 
subjects  taught  are  bookkeeping,  busmess  law,  commercial  geog- 
raphy, commercial  history,  speUmg,  writmg,  commercial  correspond- 
ence, business  arithmetic,  typewriting,  and  the  Gregg  system  of 
shorthand.  A  two-months'  vacation  course  of  woodwork  and  shop 
drawing  at  the  Balboa  workshop  was  offered  to  boys  who  would  be 
in  the  seventh  and  eighth  grades  of  the  high  school  at  the  opening 
of  the  school  year  in  October.  In  the  regular  school  terms  industrial 
courses  in  the  high  schools  were  provided,  mcluding  elementary 
mechanical  drawing,  advanced  mechanical  drawmg,  elementary 
woodwork,  and  advanced  cabinet  making.  In  the  seventh  and 
eighth  grades  at  Balboa  and  Ancon  courses  in  shop  work  were 
arranged  for  the  boys,  and  while  they  were  in  the  workshops  the 
girls  of  these  grades  were  given  lessons  in  sewmg  by  their  respective 
teachers.  The  boys  apprenticed  at  various  trades  m  Balboa  shops 
were  given  a  course  of  instruction  on  Tuesday  and  Saturday  after- 
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noons  of  each  week  at  the  Balboa  }iigh  school,  and  then-  progress  was 
more  satisfactory  than  heretofore. 

The  schools  for  white  children  had  an  enroUinent  of  1,366.  Alien 
employees  of  the  canal  and  the  Panama  Railroad  residing  outside 
the  Canal  Zone  had,  prior  to  this  school  year,  been  allowed  tuition 
to  the  schools  free  of  charge.  This  privilege  was  withdrawn  at  the 
beginning  of  the  year,  and  consequently  four  rooms  m  the  Cristobal 
school  for  colored  children  and  the  entire  Ancon  school  were  closed 
and  the  force  of  teachers  reduced  by  seven.  The  eight  grades  were 
taught  at  La  Boca  and  Paraiso,  and  the  first  six  at  Empire,  Gatim, 
and  Cristobal.  The  number  of  children  enrolled  in  the  colored 
schools  was  783. 

Sixteen  buildings  were  used  for  school  purposes,  11  for  white 
children  and  5  for  colored  children.  At  Cristobal,  on  account  of  the 
noise  caused  by  the  construction  of  a  new  building,  it  was  necessary 
to  abandon  the  schoolhouse  occupied  by  white  children  and  to  move 
the  white  school  to  the  building  occupied  by  the  colored  school. 
The  colored  school  was  removed  to  the  Lodge  Hall. 

Sites  for  concrete  buildings  for  white  schools  were  selected  at 
Balboa,  Ancon,  Pedro  Miguel,  Gatun,  and  Colon  Beach.  Money 
was  appropriated  for  expenditure  during  the  current  year  for  this 
purpose,  and  it  is  expected  that  the  new  buildings  will  be  ready  for 
occui^ancy  by  the  time  the  schools  open  in  October,  1917. 

BUREAU    OF    CLUBS    AND    PLAYGROUNDS. 

Clubs  and  playgrounds  were  conducted,  as  in  previous  years,  under 
the  supervision  of  secretaries  furnished  by  the  international  com- 
mittee of  the  Young  Men's  Christian  Association.  Clubhouses  for 
gold  employees  were  operated  at  Cristobal,  Gatun,  Pedro  Miguel, 
Corozal,  Ancon,  and  Balboa  and  for  silver  employees  at  Gatim  and 
La  Boca.  The  clubhouse  at  Ancon,  composed  of  the  old  district 
quartermaster's  office  and  an  extensive  addition,  was  erected  at  a 
cost  of  $21,863,  derived  from  clubhouse  funds  collected  since  1907, 
and  was  opened  on  April  8.  The  clubhouse  at  Corozal  was  closed 
November  15  and  was  taken  over  by  the  Army  authorities.  At 
Paraiso  the  Lodge  Hall  was  used  one  evening  a  week  for  moving- 
picture  shows.  The  clubliousc  of  t]ie  Balboa  Yaclit  Club  was  opened 
on  May  29.  The  Tarpon  Club,  organized  for  fisliing  at  Gatun  Spill- 
way, constructed  a  clubhouse  at  the  spillway  from  funds  collected 
from  memberships.  A  goK  club  was  organized  at  Gatun  and  linlcs 
were  laid  out  on  the  slope  of  the  dam  between  Gatun  Locks  and 
the  spillway. 

THE    COURTS. 

In  the  district  court  89  case^j  were  pending  at  the  beginning  of  the 
year,  789  cases  were  filed  and  752  decided,  leavmg  126  cases  pend- 
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ing  on  June  30,  1916.  Of  the  cases  decided  91  were  civil,  284  probate, 
and  377  criminal.  There  were  117  sessions  of  court.  There  were 
581  marriage  licenses  issued  by  the  clerk  of  the  court,  and  136  deeds 
recorded.     Tlie  sum  of  .$4,761 .80  was  collected  in  fines,  costs,  and  fees. 

In  the  magistrate's  court  for  the  Balboa  subdivision  4  cases  were 
pcndmg  at  the  beginning  of  the  year,  2,233  cases  were  docketed 
and  2,136  cases  were  settled,  leavmg  101  cases  pending  at  the  close 
of  the  year.  Of  the  cases  docketed,  96  were  civil  and  2,137  criminal. 
Of  the  criminal  cases,  50  were  dismissed,  233  were  committed  to 
the  district  court,  and  there  were  1,606  convictions  and  247  acquit- 
tals.    Collections  on  account  of  fines  and  fees  amounted  to  $5,995.50. 

In  the  magistrate's  court  for  the  Cristobal  subdivision  5  cases  were 
pending  at  the  bcginnmg  of  the  fiscal  year,  2,403  were  docketed 
during  the  year,  of  which  125  were  civil  and  2,278  criminal,  leaving 
122  cases  pending  at  the  close  of  the  year.  The  criminal  cases 
resulted  in  1,659  convictions,  410  acquittals,  60  dismissals,  and  157 
cases  were  committed  to  the  district  court.  A  total  of  $6,053.53 
was  collected  m  fines  and  fees. 

Tlie  district  attorney,  m  his  annual  report.  Appendix  J,  again  com- 
ments on  the  results  of  jury  trial,  and  recommends,  as  heretofore, 
that  jury  trial  be  confined  to  capital  cases  only.  His  statement  is 
as  follows : 

The  results  of  jury  trials  continue  to  be  unsatisfactory,  particularly  with  reference 
to  white  American  defendants.  Since  the  Executive  order  of  July  4,  1913,  authoriz- 
ing jury  trials  in  all  felony  cases,  no  white  American  has  been  found  guilty  when 
tried  by  a  jury.  This  failure  to  convict  is  not  due  to  lack  of  evidence  or  conflict  of 
evidence.  The  evidence  in  many  of  the  cases  has  been  convincing,  but  the  jurors 
are  unwilling  to  convict  and  do  not  seem  inclined  to  accept  any  responsibility  for 
the  enforcement  of  the  laws  of  the  Canal  Zone. 

I  renew  the  several  recommendations  heretofore  made  that  the  Executive  order 
be  so  amended  as  to  permit  jury  trials  only  in  capital  cases. 

RELATIONS    WITH    PANAMA. 

Negotiations  by  correspondence  or  personal  conferences  betAveen 
the  executive  secretary  and  the  secretary  of  foreign  relations  of 
the  Republic  of  Panama  included,  among  others,  the  following 
subjects  in  addition  to  routine  matters: 

The  exemption  of  contract  laborers  of  The  Panama  Canal  and  the 
Panama  Railroad,  and  their  families,  from  payment  of  a  deposit 
of  $30  required  of  each  deck  passenger  arriving  at  any  port  of  the 
RepubHc  of  Panama  by  Panama  Immigration  Law  No.  32  of  1914; 
publication  of  the  amended  sanitary  regulations  for  the  cities  of 
Panama  and  Colon  in  the  Official  Gazette;  street  cleaning  and 
garbage  collection  in  the  city  of  Panama;  ordinance  respecting  the 
registration  of  births  and  deaths;  proposed  cancellation  of  land  leases 
held  by  the  Republic  of  Panama  in  Colon;  preservation  of  the  neu- 
trality of  the  Canal  Zone;  immigration  of  undesirables;  sale  of 
63503°— 16 6 
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intoxicating  liquors  to  the  San  Bias  Indians ;  free  railroad  transporta- 
tion for  Panaman  Government  officials  and  employees;  regulation 
of  traffic  over  the  Gatun  Lake;  payment  of  duty  to  the  Republic 
of  Panama  on  sales  of  supplies  to  vessels  which  pass  through  the  canal 
and  which  do  not  belong  to  the  United  States;  opium  traffic  in  the 
Canal  Zone  and  the  cities  of  Panama  and  Colon;  demolition,  for 
sanitary  reasons,  of  stables  located  in  unimproved  sections  of  the 
city  of  Panama;  matter  of  imposing  a  penalty  for  wireless  installations 
in  Panama;  objection  to  the  establishment  of  saloons  in  Colon  near 
the  boundary  line;  importation  of  playing  cards  and  tobacco  for 
employees  free  of  customs  duty;  overcrowded  condition  of  Santo 
Tomas  Hospital  and  the  urgent  necessity  for  providing  additional 
accommodations  for  the  sick;  taking  over  by  the  United  States  of 
a  certain  tract  of  land  in  the  vicinity  of  the  mouth  of  the  Chagres 
River;  location  of  the  statue  of  Christopher  Columbus  at  the  Atlantic 
entrance  of  the  canal;  reduction  of  the  stock  of  Panaman  pesos  in 
circulation  by  1,000,000  for  the  benefit  of  the  Panaman  Government, 
Tlie  Panama  Canal,  and  business  interests  generally;  proposed 
common  incinerator  for  disposing  of  garbage  from  Balboa,  Ancon, 
and  the  City  of  Panama;  supervision  of  the  Panama  elections;  pro- 
hibition of  gambling  in  the  cities  of  Panama  and  Colon;  and  the  de- 
portation of  undesirable  Americans. 

Attention  is  called  again  to  the  necessity  of  an  agreement  between 
the  two  Governments  of  the  United  States  and  Panama  for  modifying 
the  Taft  agreement,  which  is,  in  many  respects,  disadvantageous 
to  both  Governments,  and  should  be  substituted  by  an  agreement 
made  in  accordance  with  our  present  mutual  needs  and  with  our  rights 
under  the  treaty. 

For  further  particulars  attention  is  invited  to  Appendix  I. 

LAW. 

During  the  year  Judge  Frank  Feuillc  continued  as  special  attorney, 
for  the  purpose  of  codifying  the  laws  of  the  Canal  Zone  and  defending 
the  interests  of  the  United  States  before  the  Joint  Land  Commission 
in  the  acquisition  of  lands  under  private  ownership,  which  are  being 
taken  over  in  accordance  with  the  Executive  order  of  December  5, 
1912.  He  also  acted  as  adviser  to  the  Governor  and  the  various 
heads  of  departments  in  mattei's  relating  to  the  canal  organization 
and  administration  and  affairs  arising  between  the  Canal  Zone  and 
the  Republic  of  Panama. 

The  only  Executive  order  prepared  was  that  of  October  16,  1915, 
which  provides  for  an  annual  recess  of  the  Joint  Land  Commission, 
appointed  under  Articles  VI  and  XV  of  the  Panama  Canal  treaty. 
Bills  were  drafted  for  submission  to  Congress  providing  amendments 
to  the  existing  road  laws;  the  laws  relating  to  the  licensing  of  motor 
vehicles;   the  police  and  sanitary  regulations,   including  those  re- 
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lating  to  quarantine;  and  the  laws  relating  to  taxation.  Most  of 
these  subjects  were  incorporated  in  a  bill  presented  to  Congress  hy 
the  lion.  W.  C.  Adamson,  chairman  of  the  House  Committee  on 
Interstate  and  Foreign  Commerce,  which  committee  has  jurisdic- 
tion of  canal  matters. 

During  the  last  fiscal  year  the  land  office  settled  bj  private  agree- 
'  ment  and  paid  586  claims,  aggregating  the  sum  of  $335,740.50.  This 
amount  includes  the  large  claim  of  Gov.  Reuben  S.  Arcia,  of  Colon, 
for  his  Rio  Indio  and  IMindi  lands  and  improvements  thereon,  for 
the  sum  of  $95,000.  The  total  number  of  claims  settled  and  paid 
bv  the  land  office  since  the  work  of  clearing  the  Canal  Zone  was  com- 
menced on  January  1,  1913,  was  4,182,  aggregating  the  sum  of 
$851,566.64,  exclusive  of  any  award  made  by  the  Joint  Land  Commis- 
sion. A  total  of  5,244  claims,  aggregating  a  sum  of  $1,100,469.94,  has 
been  settled  and  paid  through  the  law  department  since  August  1, 
1908,  when  that  department  was  authorized  by  Executive  order  to 
handle  such  matters. 

The  Joint  Land  Commission  appointed  under  Articles  VI  and  XV 
of  the  Panama  Canal  treaty  made  18  awards  during  the  year.  These 
awards  involved  27  claims,  some  of  the  claimants  having  more  than 
one  claim  before  the  Commission.  The  18  awards  aggregate  the 
sum  of  $10,675.  The  Commission  dismissed  854  claims  because  pay- 
ment had  been  made  by  the  land  office,  and  16  were  dismissed  on 
account  of  insufficiency  of  the  evidence.  One  claim  was  dismissed 
at  the  request  of  claimant's  counsel  because  the  property  is  not 
located  within  the  Canal  Zone,  and  one  was  dismissed  for  want  of 
jurisdiction.  The  total  number  of  dismissals  by  the  Commission  was 
872.  The  Commission  disagreed  in  15  cases,  in  6  of  Vv'hich  cer- 
tificates of  disagreement  covering  9  docket  numbers  were  perfected 
and  submitted  to  the  umpire  during  the  fiscal  year. 

It  is  of  interest  to  note  that  the  work  done  by  the  Commission 
dming  the  period  covered  by  this  report  cost  the  United  States 
$45,524.38,  of  which  $44,664.65  were  for  salaries  and  $859.73  for 
expenses;  this  sum  does  not  include  the  proportionate  share  of 
expenses  of  the  special  attorney's  office.  The  number  of  cases 
pending  on  June  30,  1916,  was  1,020,  and  the  claims  filed  for  these 
aggregated  $12,308,834.15.  Five  of  the  awards  made  by  the  Com- 
mission related  to  land  claims  and  17  were  for  imj^rovements  only. 

Admiral  Victjar  Maria  Concas  y  Palau  was  appointed  umpire  by 
the  President  of  the  United  States  and  the  President  of  Panama,  under 
the  provisions  of  Articles  VI  and  XV  of  the  Panama  Canal  treaty, 
and  arrived  on  the  Isthmus  on  April  10,  1916.  The  umpire  ren- 
dered four  decisions,  involving  17  claims,  aggregating  the  sum  of 
$50,662.  Tvvo  of  these  awards  were  for  land  claims  and  15  for  im- 
provements only. 
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On  June  30,  1916,  there  were  32  licenses  in  effect,  wliich  were  issued 
by  the  land  agent  for  The  Panama  Canal  within  the  Canal  Zone. 
These  Ucenses  included  lots  occupied  by  various  oil  companies  for  oil- 
tank  sites,  church  lots,  and  one  license  for  2  acres  of  ground  at 
Porto  Bello.  The  total  rental  collected  on  licenses  was  $10,918. 
This  is  a  considerable  increase  over  the  previous  year,  because  of  the 
fact  that  since  January  1,  1916,  all  rentals  from  the  Mount  Plope' 
tank  farm  were  collected  by  The  Panama  Canal  instead  of  the 
Panama  Railroad  Company. 

For  further  particulars  attention  is  invited  to  Ai^pendix  K. 

HEALTH  DEPARTMENT. 

The  health  department  is  charged  with  the  care  of  the  sick  and  in- 
jured of  the  Canal  Zone,  the  prevention  of  disease  in  the  Canal  Zone 
and  the  cities  of  Panama  and  Colon,  street  cleaning  and  garbage 
removal  in  the  latter  cities,  and  all  matters  relating  to  quarantine. 
The  department  was  in  charge  of  Lieut.  Col.  Charles  F.  Mason,  United 
States  Army,  until  June  7,  1916,  when  he  was  relieved  at  his  own 
request  on  account  of  ill  health  from  long  service  in  the  Tropics.  He 
was  succeeded  by  Lieut.  Col.  D.  C.  Howard,  United  States  Army, 
who  was  assigned  to  duty  as  cliief  health  officer  on  June  22,  1916. 

No  cases  of  yellow  fever,  smallpox  or  plague  originated  on  the 
Isthmus  during  the  year.  Four  cases  of  yellow  fever  were  received 
at  Balboa  quarantine,  all  from  Buenaventura,  Colombia.  No  sec- 
ondary cases  developed. 

Tlie  health  of  employees  continued  good.  The  total  admission 
rate  to  hospitals  and  quarters  was  301.09,  compared  ^\'ith  337.21  for 
1915.  Rates  are  based  on  the  annual  rate  per  1,000  employees.  The 
total  admission  rate  to  hospitals  only  for  the  year  was  164.78,  com- 
pared with  204.18  for  1915;  and  for  disease  alone,  125.88  as  compared 
with  156.81  for  1915.  The  total  death  rate  for  1916  was  6.65,  as 
compared  with  5.78  for  1915,  and  the  death  rate  from  diseas^e  4.98 
as  ap-ainst  3.61  for  1915.  Conditions  with  regard  to  malaria  are  im- 
proving  steadily  each  year.  The  total  admission  rate  for  malaria  to 
hospitals  and  quarters  was  34,  as  compared  with  66.60  for  1915,  a 
reduction  of  48  per  cent  from  the  rate  of  the  previous  year.  The 
admission  rate  for  typhoid  fever  was  0.18,  as  against  0.19  for  1915, 
and  the  death  rate  0.12,  as  compared  with  0.03  for  1915.  The 
admission  rate  for  dysentery  was  0.80  as  compared  with  0.85  for  1915; 
and  the  death  rate  was  0.09  as  compared  with  0.05  for  the  previous 
year.  The  death  rate  for  pneumonia  was  1.16  as  compared  with  0.58 
for  1915. 

In  the  Canal  Zone  the  death  rate  from  disease  was  11.02  as  com- 
pared with  11.77  for  1915.  In  Panama  the  death  rate  was  27.27  as 
compared  with  30.74  for  tlio  preceding  year.  In  Colon  the  rate  was 
24.51  as  compared  with  21.25  for  the  previous  year. 
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DIVISION   OF   HOSPITALS. 

The  average  immbcr  of  patients  constantly  present  in  Ancon  Hos- 
pital was  748  as  compared  with  802  for  the  previous  year.  The 
average  number  of  employees  constantly  sick  in  hospital  was  267  as 
compared  with  331  for  the  previous  year. 

Wards  3  and  4  were  vacated  in  August,  1915,  demolished,  and  the 
fii'st  uflit  of  the  permanent  hospital  erected  on  their  site  was  com- 
pleted and  turned  over  for  occupancy  in  June.  The  buildino-  con- 
taining the  out-patient  chnic,  X-ray  apparatus  and  hbrary  was 
vacated  and  turned  over  to  the  building  division  in  August,  1915 
for  use  as  a  local  field  office.  Wards  1  and  2  were  vacated  in  June' 
1916,  demohshed,  and  on  their  site  construction  v\^as  begun  on  the 
second  unit  of  the  permanent  hospital.  W^ards  13  and  14  were 
vacated  in  June,  1916,  demohshed,  and  construction  started  on  the 
new  Board  of  Health  Laboratory.  The  permanent  concrete  crema- 
tory building  was  completed,  cremating  apparatus  set  up,  and  opera- 
tions resumed  in  January,  1916.  Two  permanent  buildings  were 
added  to  the  hospital  farm  at  Corozal;  one  a  modern,  concrete,  fly- 
proof  compost  pit  containing  four  compartments,  and  the  other  a 
carpenter  shop.  A  steam  plant  consisting  of  boiler,  pipe  hne,  and 
sterilizer  was  constructed  to  provide  for  the  proper  sterihzation  of  all 
milk  containers,  as  well  as  the  disinfection  of  beds  and  bedding. 

Tliere  were  253  patients  in  the  asylum  on  July  1,  1915;  146  males 
and  107  females.  At  the  close  of  the  fiscal  year  the  number  of  pa- 
tients remaining  was  291,  of  whom  173  were  males. 

The  farm  was  reorganized  and  the  position  of  assistant  farm  man- 
ager created.  At  the  close  of  the  year  there  were  9  white  and  44  black' 
cripples  assigned  to  the  farm. 

Considerable  trouble  was  experienced  with  the  milk  from  the  dairy 
early  m  January,  and  a  thorough  investigation  and  examination  of  the 
probable  causes  were  made  by  Physiologist  G.  C.  Bunker,  as  the  result 
of  wliich  improvements  were  introduced  and  more  care  given  to  the 
milk,  with  satisfactory  results. 

Colon  Hospital^A  new  hospital  and  dispensary  building  was  com- 
pleted and  tm-ned  over  for  occupancy  on  May  16,  1916.  Work  is  in 
progress  toward  the  construction  of  a  reinforced  concrete  garage, 
morgue,  and  a  four-family  type  house  for  use  of  physicians.  The 
present  quarters  for  nurses  are  not  satisfactory. 

The  number  of  patients  at  the  Leper  Asylum  is  constantly  increas- 
ing. ^  There  were  56  at  the  beginning  of  the  year  and  65  at  the  close. 
Additional  accommodations  are  necessary-,  and  a  new  ward  building 
was  authorized. 

^  Two  line  dispensaries  were  closed,  Corozal  and  Naos  Island,  leaving 
5  at  the  close  of  the  year,  not  including  the  dispensaries  at  Ancon 
and  Colon  hospitals. 
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PANAMA. 

The  rapid  growth  of  the  oity  eastward  toward  the  Sabanas,  away 
from  the  Canal  Zone,  has  necessitated  extending  anti-mosquito  work 
in  that  direction,  including  the  construction  and  maintenance  of 
extensive  adcUtions  to  the  ditcliing.  Up  to  the  present  time  the  cost 
of  tliis  work  has  been  borne  by  the  Government  of  Panama  and  the 
Panama  Land  &  Development  Co.  • 

Tlie  Panama  Raih-oad  Company  completed  its  pubhc  stables  on  B 
Street,  which  were  constructed  so  as  to  limit  fly  breeding  and  rat  in- 
festation. Tliis  is  one  of  the  most  important  sanitary  accomphsh- 
ments  during  the  year,  and  made  possible  the  elimination  of  a  large 
number  of  dirty,  ill-kept  stables  in  the  most  congested  portions  of 
the  city. 

An  average  of  5,000  loads  of  garbage  of  all  kinds  was  collected  per 
month,  approximating  9,000  cubic  yards,  including  house  garbage, 
rubbish,  refuse,  and  stable  manure,  aU  of  wliich  was  hauled  to  the 
pubhc  dump  for  disposal.  Tlie  erection  of  a  modern  incinerating 
plant  for  the  destruction  of  garbage  and  refuse  is  an  urgent  necessity. 
Another  necessity  is  the  installation  of  a  compost  pit  for  treating 
manure  with  a  view  to  making  it  available  for  fertihzer  and  at  the 
same  time  obviating  the  possibility  of  fly  breechng. 

COLON. 

There  has  been  a  great  improvement  resulting  from  anti-maiarial 
measures.  The  total  number  of  cases  reported  for  the  last  six  months 
of  the  present  fiscal  year  was  52,  as  compared  with  99  for  the  last  six 
months  of  the  preceding  fiscal  year.  The  reduction  was  secured 
through  the  complete  elimination  of  anopheles  breeding  on  Manza- 
nillo  Island,  in  Colon  and  Cristobal  proper,  by  a  combination  of  ditch- 
ing and  filling  certain  areas  previously  characterized  by  persistent 
breeding,  as  well  as  by  increasing  the  number  of  weekly  inspections  of 
each  area,  and  oiling  when  necessary*. 

SANITATION. 

The  work  of  tnis  division  continued  along  the  usual  lines,  covering 
anti-malarial  work,  the  destruction  of  rats,  the  inspection  of  all 
residential  districts  in  the  Canal  Zone,  and  the  inauguration  of  meas- 
ures for  the  correction  of  insanitary  conditions  wherever  practicable. 
The  experience  gained  has  demonstrated  that  extensive  work  must 
be  maintained  constantly  in  and  around  residential  districts  to  pro- 
tect against  malaria,  but  as  the  transition  period  from  construction 
to  operation  advances  there  results  greater  permanency  in  locations 
in  which  employees  work  and  have  their  homes,  and  work  of  a  per- 
manent nature  can  be  done  thereb-t^  reducing  the  cost  of  maintenance. 
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The  increased  number  of  ships  at  the  terminal  ports  increases  the' 
opportunities  for  contamination  of  the  Canal  Zone  by  plague-infected 
rats.    Men  are  employed  to  kill  rats  by  all  means  possible,  especially ! 
along  the  water  fronts.  \ 

I  •-  The  number  of  sanitary  districts  remained  the  same  as  last  year 
until  Corozal  was  turned  oyer  to  the  military  forces,  when  the 
inspection  and  upkeep  of  one-third  of  the  district  was  assumed  by 
the  troops,  and  the  remaining  two-thirds  added  to  Ancon,  the  inspec- 
tor for  which  was  allowed  an  assistant. 

For  further  j)articulars,  attention  is  inyited  to  Appendix  L. 

WASHINGTON  OFFICE. 

The  scope  of  the  work  handled  by  the  Washington  ofTice  was  aoout 
the  same  as  reported  for  the  previous  year.  It  continued  in  charge 
of  Maj.  F.  C.  Boggs,  United  States  Army,  as  general  purchasing  offi- 
cer and  chief  of  the  Washmgton  office  of  The  Panama  Canal  until 
March  10,  1916,  when  he  was  succeeded  by  Maj.  Earl  I.  Brown,  United 
States  Army. 

, '  The  recruiting  of  skilled  mechanics  in  the  United  States  was  more 
difficult,  especially  during  the  latter  part  of  the  year,  due  to  the 
activities  at  shipyards  and  other  manufacturing  establishments  and 
the  rising  scale  of  wages  paid  at  such  plants.  This  is  evidenced  by 
the  fact  that  about  48  per  cent  of  those  tendered  employment 
failed  to  accept.  During  the  year  1,176  persons  within  the  United 
States  were  tendered  cmplo3-ment  for  duty  on  the  Isthmus  in  grades 
above  that  of  laborer;  616  persons  accepted  and  were  appointed, 
covering  73  different  positions. 

The  total  value  of  orders  placed  by  the  Washington  office  was' 
$8,495,099.59,  as  compared  with  $7,307,689.34  in  1914-15,  bringing' 
the  grand  total  of  purchases  since  1904  to  $118,159,235.45.  The 
principal  items  of  equipment  purchased  during  the  year  were' 
1  refrigerating  plant,  $47,850;  1  engine  lathe,  $36,960;  sectional  steel 
doors  and  accessories  for  piers  Nos.  7  and  18,  $121,837.80;  keel  blocks 
and  bilge  blocks  for  Dry  Dock  No.  1  at  Balboa,  $50,390.70;  4  wooden 
dump  scows,  $120,000;  2  steel  dump  scows,  $160,000;  2  oil  storage 
tanks,  $25,200;  one  50-tbn  locomotive  crane  for  Dry  Dock  No.  1  at 
Balboa,  $57,679.50;  11  capstans  with  motors  for  Dry  Dock  No.  1, 
Balboa,  $58,960;  1  tug,  by  transfer  from  the  Corps  of  Engineers, 
United  States  Army,  $40,000;  and  boilers  for  the  steamers  Ancon  and 
Ciistohal,  $215,000.  Shipments  of  cement  were  continued  durmg  the 
year  under  the  contracts  entered  into  January  7,  1909,  and  Septem- 
ber 13,  1912,  amounting  to  528,465  barrels,  making  a  total  of 
7,335,702  barrels  delivered  under  these  contracts. 

For  further  details,  attention  is  invited  to  AppendLx  M. 
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FORTIFICATION  S . 

Work  was  continued  during  tlie  year  on  the  gun  and  mortar  bat- 
teries, on  the  range-finding  and  fire-control  systems,  on  the  mount- 
ing of  ordnance,  on  the  installation  of  searcldights,  on  mamtenance 
of  aU  completed  work,  and  of  clearings  and  trails  connected  with  the 
fortifications. 

The  work  was  in  charge  of  Lieut.  Creswell  Garlington,  United  States 
Army,  until  November  1,  1915,  when  the  fortification  division  was 
abolished  and  added  as  a  section  to  the  work  of  the  engineer  of 
mamtenance  under  Lieut.  Col.  Jay  J.  Morrow,  assistant  to  the  engi- 
neer of  maintenance,  with  Lieut.  Garlington  as  assistant  engineer. 

During  the  fiscal  year  a  part  of  the  work  of  maintenance  of  clear- 
ings and  trails  was  transferred  to  the  Commandmg  General,  United 
States  troops,  Panama  Canal  Zone,  and  at  the  close  of  the  fiscal  year 
all  fortification  work  was  transferred  to  ]\Iaj.  Clarence  O.  Sherrdl, 
Corps  of  Engineers,  Canal  Zone  district  engineer  officer,  reportmg  to 
the  Chief  of  Engineers,  United  States  Army. 

The  followmg  appendices  are  inclosed  herewith: 

Increase  in  salaries  and  personnel,  submitted  in  compliance  with 
the  act  of  Congress  approved  March  3,  1915,  AppencUx  P. 

Laws  recently  enacted  affecting  the  canal,  and  Executive  orders 
issued  during  the  year,  Appendix  Q. 

Chart  shomng  the  organization  effective  July  1,  1916,  Appendix  R. 

Respectfully  submitted. 

Geo.  W.  Goethals, 
Governor,  The  Panama  Canal. 

Hon.  Newton  D.  Baker, 

Secretary  of  War,  Washington,  D.  O. 


APPENDIX  A. 
REPORT  OF  THE  ENGINEER  OF  MAINTENANCE. 


The  Paxama  Canal, 
Office  of  the  Engineer  of  Maintenance, 

Balboa  Heights,  Canal  Zone,  July  31,  1916. 
Sir:  I  have  the  honor  to  submit  the  following  report  of  work 
done  under  the  jurisdiction  of  this  office  dui'mg  the  fiscal  year  ending 
June  30,  f916: 

Organization. 

The  duties  of  the  engineer  of  maintenance  remained  as  outlined  in 
the  last  annual  report,  except  that  on  November  1,  1915,  the  fortifica- 
tion construction  work  was  transferred  to  the  jurisdiction  of  the 
engineer  of  maintenance,  and  on  June  1,  1916,  the  work  remaining 
uncompleted  under  the  terminal  construction  division  was  transferred 
to  his  charge. 

The  undersigned  has  been  assisted  in  these  duties  since  August  19, 
1915,  by  Lieut.  Col.  Jay  J.  Morrow,  Corps  of  Engineers,  United  States 
Army,  who  was  on  that  date  appointed  assistant  to  the  engineer  of 
maintenance,  and  who  for  a  period  of  about  five  months  has  had  full 
charge  of  the  work  during  the  absence  of  the  undersigned  on  leave 
and  when  the  undersigned  was  Acting  Governor  durmg  your  absence 
from  the  Isthmus. 

The  various  divisions  have  been  in  charge  of  the  following  men: 

Electrical  division. — Capt.  William  H.  Rose,  United  States  Army, 
electrical  engineer,  and  Mr.  Hartley  Rowe,  electrical  superintendent. 

Fortification  division. — Lieut.  CresweU  Garlington,  United  States 
Army,  assistant  engineer. 

Lochs  division. — The  Atlantic  locks  have  contmued  under  the 
direct  charge  of  Capt.  T.  H.  Dillon,  United  States  Army,  as  superin- 
tendent, with  Capt.  Earl  J.  Atkisson,  United  States  Army,  as  assistant 
superintendent.  Tlie  Pacific  locks  v\-ere  under  the  charge  of  Mr. 
F.  C.  Clark  until  March  2,  1916,  upon  which  date  he  resigned,  and 
Mr.  R.  H.  Wliitehead  was  appointed  superintendent,  effective  the 
same  date.  Mr.  W.  R.  HoUoway  was  appointed  assistant  superin- 
tendent, effective  March  2,  1916,  vice  Mr.  Whitehead. 

Terminal  construction  division. — Effective  June  1,  1916,  the  work 
of  the  division  of  terminal  construction,  under  Mr.  H.  H.  Rousseau, 
civil  engineer,  United  States  Navy,  was  transferred  to  the  under- 
signed, with  Mr.  F.  H.  Cooke,  civil  engineer,  United  States  Navy,  as 
designing  engineer;  Mr.  C.  C.  Snedeker,  superintendent,  east  break- 
water; All'.  T.  B.  Monniche,  engineer  of  docks;  Mr.  A.  H.  Jones, 
assistant  engineer.  Pacific  terminals;  Mr,  J.  W.  Wright,,  superintend- 
ent of  erection.  Pacific  terminals;  Mr.  R.  A.  Wilson,  junior  engineer, 
concrete  block  plant,  Gamboa. 

65 
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Municipal  division. — Mr.  D.  E.  Wriglit,  municipal  engineer. 
Section  of  meteorology  and  liydrograpliy . — Mr.  F.  D.  Willson,  chief 
hydrograplicr. 

Section  of  office  engineer. — Mr.  C.  J.  Embree,  office  engineer. 
Section  of  surveys. — Mr.  O.  E.  Malsbury,  assistant  engineer. 

Lock  Operation  and  Maintenance, 
water  storage  and  consumption  in  cjatun  lake. 

There  are  several  plates  accompanying  this  report  which  are  in- 
tended to  give  a  graphical  illustration  of  certain  items  of  interest  in  the 
operation  and  maintenance  of  the  locks  and  canal. 

Referring  to  plate  No.  62,  the  upper  diagram  gives  the  number  of 
inches  of  ramfall  for  each  month  throughout  the  year,  the  figures 
given  being  the  record  for  Gatun  Lake  area  and  not  for  the  whole 
Isthmus.  The  next  diagram  gives  the  average  Gatun  Lake  level, 
while  the  third  shows  the  number  of  lockages  (commercial  and  non- 
commercial) which  were  made  during  each  month  of  the  year.  The 
next  diagram  indicates  the  number  of  million  cubic  feet  of  water 
added  to  and  taken  from  storage.  That  is,  whenever  Gatun  Lake 
level  is  raised,  the  storage  capacity  is  increased  and  the  amomit  of 
water  so  accumulated  is  indicated  by  the  areas  above  the  neutral  axis, 
while  water  dra^^^l  from  storage  is  slio\\ai  by  the  areas  below  the  line. 
The  lower  diagram  on  this  plate  illustrates  the  quantity  of  water 
available  throughout  the  year  and  the  relative  amounts  actually  used. 
The  following  table  gives  the  average  quantity  of  water  available  and 
a  statement  of  how  it  was  used: 

Million  cubic 
feet  of  water. 

Average  monthly  loss  by  evaporation,  Gatun  Lake ] .  026.  Gl 

Average  monthly  loss  by  Avastage  over  Gatun  spillway 12.  787. 47 

Average  monthly  loss  by  leakage,  Gatun  spUhvay 9.  59 

Average  monthly  loss  by  transfer  to  Miraflores  Lake 05.  06 

Average  monthly  loss  by  leakage,  Gatun  and  Pedro  Miguel  Locks 41.  37 

Average  monthly  amount  used  for  pumping 68.  27 

Average  monthly  amount  used  for  lockages 575.  70 

Average  monthly  amount  used  for  hydroelectric  station 2,  506. 41 

Average  monthly  amount  added  to  storage 1 50.  00 

Total  average  net  yield  per  month IS,  130. 46 

It  is  interesting  to  note  that  an  average  of  7.21  million  cubic  feet 
of  water  has  been  used  for  each  through  lockage  from  ocean  to  ocean. 
The  above  figures  show  that  an  average  of  12,787.47  miUion  cubic 
feet  of  water  was  wasted  over  Gatun  spillway,  or  sufficient  water  to 
make  1,773  through  lockages  each  month.  Based  on  30-day  opera- 
tion, this  would  mean  59  lockages  per  day  over  and  above  the  average 
traffic  of  the  past  year.  In  this  connection,  it  may  be  stated  that  the 
maximum  number  of  lockages  which  can  be  made  in  24  hours  is  48, 
assuming  that  one  vessel  leaves  the  upper  flight  at  Gatun  just  as 
another  enters  the  lower  chamber,  and  vice  versa,  both  chambers 
being  used. 

Plate  No.  63  illustrates  the  comparison  between  the  amount  of 
water  actually  used  during  the  year,  and  the  total  available  amount 
wasted  and  in  storage.  This  chart  is  based  on  the  assumption  that 
the  whole  channel  has  been  excavated  to  its  full  depth  of  45  feet,  and 
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since  the  canal  channel  is  at  elevation  plus  40  feet,  a  40-foot  channel 
would  necessitate  keeping  the  lake  level  above  plus  80,  therefore  the 
water  in  storage  has  been  taken  as  the  amount  which  is  available  at 
all  times  above  that  elevation.  The  summation  of  the  three  areas — 
water  used  equals  5,127.93  milhon  cubic  feet  per  month;  water  in 
storage  equals  28,050  million  cubic  feet  per  month;  water  wasted 
equals  12,787.47  million  cubic  feet  per  month — gives  the  total  avail- 
able amount  for  each  month  of  the  year.  The  area  "Water  used" 
includes  leakage,  lockages,  hydroelectric,  pumping,  and  evaporation. 

Plate  No.  64  illustrates  the  number  of  lockages  made  each  month. 
The  number  of  noncommercial  lockages  coincides  with  the  number 
of  noncommercial  vessels,  the  reason  for  this  being  that  no  effort  has 
been  made  to  keep  a  record  of  the  nmnber  of  canal  barges,  tugs, 
launches,  etc.,  which  have  been  locked  through  from  time  to  time. 
The  number  of  commercial  vessels  exceeds  the  number  of  commercial 
lockages,  owing  to  the  fact  that  whenever  possible  "  tandem  lockages  " 
are  made,  e.  g.,  two  vessels  locked  through  at  the  same  time. 

Plate  No.  65  illustrates  the  force  employed  by  the  locks  division 
throughout  the  year. 

The  canal  was  closed  to  traffic  from  September  18,  1915,  to  April 
15,  1916. 

Unusual  details  in  the  operation  or  maintenance  of  the  locks  and 
dams  are  referred  to  in  the  following  paragraphs. 

ARROW    SIGNALS. 

Last  year  reference  was  made  to  the  fact  that  15-foot  arrow  signals 
had  been  mounted  near  the  end  of  each  approach  wall,  with  the  idea 
of  using  them  for  signaling  to  pilots.  The  signals  were  equipped  with 
lamps  and  are  visible  both  night  and  day.  This  year  local  manual 
operation  of  the  signals  has  been  abandoned  and  motor  drives  have 
been  mstalled,  which  are  controlled  by  svv'itches  mounted  on  the  con- 
trol boards.  The  remote  control  of  the  arrow  signals  was  completed 
as  follows : 

Pacific  locks,  July,  1915. 

Atlantic  locks,  August,  1915. 

AUXILIARY    CULVERT    VALVES. 

In  November,  1915,  it  was  necessary  to  install  a  new  auxiHary 
culvert  valve  at  ISIirafiores  Locks  (east  Vail)  owing  to  the  fact  that 
the  bonnet  of  the  old  valve  cracked.  The  new  valve  has  been  de- 
signed and  tested  for  extra  heavj'  service.  A  better  compression 
spring  was  installed  on  valve  B-5  at  Pedro  Mguel  in  October,  1915, 
and  its  effectiveness  is  being  observed. 

BACK   FILL   AND   GRADING. 

Practically  all  back  fill  and  gradmg  work  on  the  locks  has  been 
completed.  Tlie  work  at  Pedro  Miguel  was  completed  in  April,  1915; 
at  Gatun  Locks  the  east  side  was  completed  in  March,  1915,  the  west 
side  in  Jmie,  1915.  At  Miraflores  Locks  the  grading  and  back  fill  on 
the  west  and  upper  east  sides  was  completed  in  August,  1915,  while 
the  lower  east  side  vrork  is  still  under  construction. 
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BRONZE    BOLTS. 

On  October  10,  1915,  the  engineer  at  Gatun  hydroelectric  station 
advised  that  the  counterweight  of  spillway  gate  No.  13  had  given 
way  and  had  dropped  into  its  pit,  demolishing  all  weights.  This 
machine  had  not  been  operated  lor  several  days  and  was  not  being 
operated  at  the  time  oi  the  accident.  Upon  investigation  it  was 
found  that  all  four  mapganese  bronze  counterweight  bolts  had  given 
way  just  under  the  head. 

Each  spillway  counterweight  consists  of  56  cast-iron  blocks  weighing 
750  pounds  each,  resting  on  a  cast-iron  base  plate  and  supported  by 
four  l|-inch  manganese  bronze  bolts  running  into  a  cast  steel  yoke 
at  the  top.  The  total  weight  of  the  counterweight  is  45,700  pounds, 
and  assuming  that  the  load  is  equally  distributed,  each  bolt  supports 
11,425  pounds,  or  a  stress  of  4,750  pounds  per  square  inch  of  metal. 
Sections  of  the  bolts  were  sent  to  the  mechanical  division  for  test, 
and  gave  an  ultimate  tensile  strength  of  61,400  pounds,  and  63,900 
pounds  per  square  inch,  respectively,  for  the  two  bolts  tested.  Tliis 
would  incUcate  a  factor  of  safety  of  about  13. 

Immediate  instructions  were  issued  to  the  lock  superintendents 
requesting  them  to  examine  the  guard  valve  counterweight  bolts  and 
to  replace  all  bronze  with  steel  if  any  defective  ones  were  found. 

On  October  21,  1915,  the  naval  bronze  U-bolt  supporting  the 
counterweight  of  guard  valve  No.  226  at  Gatun  failed,  dropping  the 
counterweight  into  its  well.  The  guard  valve  vras  not  being  operated 
at  the  time  of  the  break  and  had  not  been  closed  for  some  time. 
Upon  examination  two  fractures  were  found,  one  at  the  top  of  one 
of  the  nuts  on  the  bolt,  and  the  other  at  the  shoulder  of  the  U  opposite 
the  first  break.  The  fracture  just  above  the  nut  was  crystalline  in 
appearance,  with  what  appeared  to  be  a  fibrous  formation  at  right 
angles  to  the  length  of  the  bolt.  The  fracture  at  the  shoulder  was 
about  one-third  fibrous  and  two-thirds  crystalline,  a  vertical  crack 
1  inch  long  showing  on  one  side  of  the  bolt  marked  the  plane  between 
the  two  formations. 

The  total  dead  weight  of  the  guard  valve  counterweight  is  28,580 
pounds,  which  under  normal  conditions  would  make  the  load  on 
each  leg  of  the  U  bolt  12,300  pounds  (with  the  counterweight  im- 
mersed). Assuming  the  worst  condition,  that  of  throwing  the  entire 
load  (24,600  pounds)  on  one  log  of  the  U  bolt,  the  stress  would  be 
13,900  pounds  per  square  inch.  If  the  load  were  equally  divided 
between  the  two  legs,  the  stress  would  be  about  6,950  pounds  per 
square  inch,  or  an  indicated  factor  of  safety  of  nearly  9. 

Under  date  of  December  29,  1915,  the  Pacific  locks  superintendent 
advised  that  an  examination  of  Miraflorcs  spillway  comiterweight 
bolts  resulted  in  finding  two  bolts  broken  off  at  the  head  and  others 
with  surface  cracks  indicating  probable  failure.  Both  of  the  broken 
bolts  had  failures  with  a  crystalhnc  fracture,  and  no  observable  re- 
duction in  area  or  elongation. 

As  a  result  of  the  above  investigations  and  failures  all  counter- 
weight bolts  of  the  spillway  gate  machines  have  been  replaced  with 
steel,  and  bronze  bolts  are  being  replaced  with  steel  wherever  failures 
occur. 
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BULKHEADS,    CENTER    WALL. 

At  Gatun  the  middle  level,  west  bulkhead  was  not  removed,  but 
the  other  live  bulkheads  were  taken  out  and  coated  with  enamel  at 
the  time  the  gates  were  protected.  At  the  Miraflores  Locks  the  bulk- 
heads on  the  east  side  of  the  center  wall  were  removed  and  coated 
with  enamel,  the  work  at  the  Atlantic  and  Pacific  locks  being  com- 
pleted on  the  following  dates: 

Miraflores,  center  culvert,  east  lower  level,  June  15,  1916. 

Mirailores,  center  culvert,  east  upper  level,  chamber  side,  March 
14,  1916. 

Miraflores,  center  culvert,  east  upper  level,  culvert  side,  March  24, 
1916. 

Gatun,  center  culvert,  east  and  west  bulkheads,  July  15,  1915, 
and  October  15,  1915. 

CABLE    CROSSOVER   TUNNEL    AND    PUMPS. 

The  last  two  cable  crossover  sump  pumps  at  lower  Miraflores  were 
installed  during  August,  1915,  makmg  the  final  dates  of  completion 
of  the  installations  as  follows : 


Place. 


Number 
of  pumps. 


Date. 


Gatun 

Pedro  Miguel . 
Miraflores 


May  9,1915 
Apr.  10,1915 
Aug.  26,1915 


The  installation  of  these  pumps  has  kept  the  tunnels  comparatively 
dry,  all  linings  having  been  cleaned  and  oiled  during  the  year. 

CAISSONS,  SPILLWAY. 

The  spillway  caisson  for  Gatun  was  painted  and  placed  in  the 
water  in  September,  1915. 

Miraflores  spillway  caisson  has  been  enameled  and  will  be  placed 
in  the  water  when  the  west  chamber  at  Miraflores  is  flooded  during 
the  next  fiscal  year. 

CAISSON,  LOCK  FLOATING. 

The  floating  caisson  was  received  upon  the  Isthmus  on  October  29, 
1914,  and  was  practically  out  of  service,  except  for  tests,  until  July 
15,  1915,  upon  which  date  arrangements  were  made  to  move  it  to  the 
lower  east  chamber  at  Gatun  Locks  where  the  pumps  were  started  in 
order  to  drain  the  locks  during  the  painting  of  the  gates.  After  the 
completion  of  the  maintenance  work  on  the  gates  and  valves  at 
Gatun  on  November  6,  1915,  the  caisson  was  tied  up  to  the  upper  east 
wing  wall  until  April,  1916,  when  it  was  towed  through  the  Cut  and 
locked  down  to  the  lower  east  end  of  Miraflores  where  work  was  com- 
menced in  the  cleaning  and  painting  of  the  valves  and  gates  at  that 
point.  Immediately  after  the  installation  of  the  caisson  at  Miraflores 
it  was  noted  that  poor  results  were  being  obtained  from  the  pumps, 
and  upon  dismantling  them  it  was  found  that  practically  one-third 
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of  the  cast  iron  impellers  of  the  machines  had  been  eaten  away  tlii^ough 
electrolitic  or  corrosive  action,  j^ractically  putting  tlie  pumps  out  of 
commission  so  far  as  effective  work  was  concerned.  Additional 
impellers  have  been  ordered,  and  as  soon  as  received  the  caisson  will 
be  entirely  overhauled  and  put  in  first-class  condition.  (See  Plates 
Nos.  10  and  11.) 

CHAIN    FENDER    MACHINES. 

On  September  4,  1915,  the  S.  S.  Lux  Blanca  approached  the  lower 
end  of  Miraflores  Locks  while  the  chain  fender  was  up  and  the  sema- 
phore in  tlie  danger  position.  The  vessel  struck  the  fender  and 
without  appreciably  stopping  its  headway  broke  the  chain  and  went 
through  into  the  lock  chamber.  The  fact  that  the  machine  had  been 
blocked  made  it  impossible  for  the  fender  to  operate,  but  nevertheless 
the  apparent  ease  with  which  the  vessel  went  through  the  chain 
called  attention  to  the  desirability  of  a  working  test  to  determine 
the  effectiveness  of  the  fenders,  and  a  committee  was  appointed  to 
make  a  series  of  tests  upon  one  of  the  chain  fender  machines  at  Gatun. 
The  report  of  the  committee  is  quoted  as  follows: 

Chain  Fender  Test. 

1.  In  accordance  with  your  instructions  of  October  21,  1915,  a  board  composed  of 
Captain  T.  H.  Dillon  (Chairman),  Captain  E.  J.  Atkisson,  Mr.  F.  C.  Clark,  Mr.  R.  H. 
Whitehead,  and  Mr.  C.  J.  Embree,  arranged  to  make  tests  of  chain  fender  machines 
under  service  conditions.  These  tests  were  carried  out  on  chain  fenders  Nos.  810-811 
at  Gatun  Locks  with  the  S.  S.  Allianca  on  October  26th,  ^^'ith  six  locomotives  on 
November  5th  and  with  the  S.  S.  Cristobal  on  November  IG,  1915.  Rej^ort  of  tests 
follows: 

PREPARATORY   WORK    ON   MACHINES. 

2.  Ro?s  valves,  auxiliary  valves  and  needle  valves  were  examined,  chain  vraa 
cleaned  of  grease  so  the  hawse  pipe  friction  would  correspond  to  pre\-ious  tests.  Tanks 
were  washed  out  and  machines  were  placed  in  what  was  considered  a  normal  condition 
of  maintenance.  The  proper  instruments  were  installed  to  secure  data  desii-ed.  For 
the  first  test  (S.  S.  Allianca)  the  valves  were  set  to  open  at  360  lbs.  at  12  notches  opening 
of  needle  valves. 

PROTECTION    OF   BOW    OF   SHIPS. 

3.  A  rope  mat  25  feet  long  and  2  feet  in  diameter  was  woven  through  and  around  the 
chain  and  a  rope  mat  2  feet  thick  hung  over  stem  of  the  ship.  A  timber  fender  was  used 
on  the  first  run  with  the  S.  S.  Allianca  in'  addition  to  the  rope  mat,  but  was  removed 
on  later  runs  as  serving  no  useful  purpose.  Rope  fenders  were  hung  from  lock  walls 
and  men  stood-by  to  drop  fenders  between  ship  and  walls  if  necessary.  No  damage 
to  ships  occurred  as  result  of  tost.  There  was  no  appreciable  tendency  of  ship  to  sheer 
off  on  striking  chain.  Six  locomotives  wore  attached  to  ships  to  assist  them  in  getting 
up  speed  and  for  braking  if  necessary.  No  braking  was  done  by  locomotives  except 
on  one  test  where  valves  were  blocked  open  intentionally  to  determine  pressure  due 
to  friction  of  water  in  pipes  with  open  valves. 

DATA    OBTAINED. 

4.  The  data  obtained  consisted  of  the  following: 

a.  Total  displacement  of  ships. 

b.  Speed  at  instant  of  striking  cliain.     A'otc. — Shijis'  i>ropellers  were  stopped 

before  striking  chain. 

c.  Distance  travelled  after  striking. 

d.  Time  interval  between  striking  and  stop. 

e.  Pressure  gauge  readings  at  5  sec.  intervals  on  high  pressure  cylinders. 
/.  ^'acuum  gauge  readings  at  5  sec.  intervals  on  low  pressure  cylinders. 
(J.  Pressure  time  diagrams  of  cylinder  pressures. 

/(.  Distance  time  diagrams  of  cylinder  movements. 
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I.  Simultaneous  time  interval  signals  were  installed  for  second  and  t  liird  tests. 

j.  Travel  time  diagrams  were  taken  for  movements  of  one  Ross  valve  on 

Cristoha I  test. 

5.  Similar  runs  were  made  differing  by  only  one  variable  so  tbat  the  effect  of  change 

in  this  Aarial)lo  could  be  determined;  for  example,  changing  between  runs  only  the 

number  of  vahes  in  operation,  or  sj^eed  of  ship,  etc. 

TEST   WITH   S.    S.    " ALLIANCA." 

G.  Twelve  rims  were  made  with  the  S.  S.  AUianca  (total  displacement,  4,221  tons) 
at  speeds  varying  from  1.23  miles  per  hour  to  3.38  miles  per  hour.  The  distances 
traveled  after  striking  chain  varied  from  14.5  feet  to  52  feet.  The  setting  of  auxiliary 
valve  was  changed  from  3G0  lbs.  to  250  lbs.  for  the  8th  run,  also  various  openings  of  the 
needle  valve  from  G  to  15  notches. 

7.  The  result  of  these  tests  was  satisfactory  as  showing  a  sufficient  strength  of  chain 
and  the  opening  of  the  Ross  valves  under  pressure.  They  were  unsatisfactory  in  that 
the  Ross  valves  did  not  always  function  properly  in  maintaining  a  uniform  resistance 
pressure.  Except  on  the  5th  and  8th  runs,  the  valves  either  remained  open  or  closed 
only  after  an  interval  of  time  during  which  interval  the  valves  offered  no  appreciable 
resistance  to  outflow  of  water  and  paying  out  of  chain.  The  only  resistance  of  any 
moment  tending  to  stop  the  ship  with  one  or  more  valves  fully  open  is  the  weight  of 
the  cylinders  and  friction  of  moAing  parts.  Conseciuently,  except  on  the  5th  and  8th 
runs,  the  distances  traveled  by  the  AUianca  after  striking  the  chain  exceeded  the 
theoretical  although  the  ship  was  stopped  before  it  would  have  reached  the  gates. 
Had  the  ship  been  of  greater  displacement  imder  same  conditions  of  valve  operation 
the  resistance  above  mentioned  vrould  not  in  every  case  have  i:)revented  traveling  the 
distance  between  chain  and  gates. 

8.  After  AUianca  tests  were  completed  the  machines  and  valves  were  thoroughly 
overhauled  and  placed  in  perfect  operating  condition. 

LOCOMOTIVE   TEST. 

9.  After  overhauling  the  valves  6  locomotives  (3  on  each  wall)  were  used  to  draw 
out  the  chain  in  much  the  same  manner  as  would  a  ship,  their  cables  being  fastened 
to  the  center  of  the  chain.  The  operation  of  the  valves  was  more  satisfactory  than 
was  the  case  in  AUianca  test,  but  there  was  still  considerable  fluctuation  as  e\ddenced 
by  the  pressure  curve.  This  fluctuation  was  decreased  by  the  use  of  springs  iiastalled 
to  increase  tendency  of  valves  to  close  and  maintain  a  more  nearly  constant  pressure. 
It  was  to  be  expected  also  that  the  strain  exerted  by  the  locomotive  would  not  be  so 
nearly  constant  as  that  exerted  by  a  ship. 

S.    S.    "CRISTOBAL"    TEST. 

10.  Everything  was  again  placed  in  perfect  operating  condition  for  the  test  with  the 
Cristobal  (displacement  18,000  tons)  and  record  indicator  was  placed  on  one  Ross  valve. 
Ten  trial  runs  were  made,  all  except  two  being  at  approximately  two  miles  speed. 
The  first  run  was  made  at  1.64  and  the  eighth  at  2.45  miles  per  hour,  the  latter  speed 
being  the  rnaximum  that  could  be  obtained  in  distance  available.  The  operation  of 
the  valves  in  eA'ery  way  was  satisfactory  and  the  distance  travelled  after  striking, 
corresponded  closely  with  the  theoretical.  With  auxiliary  valves  set  at  3G0  lbs.  and 
the  needle  valves  at  12  notches  and  at  2.45  miles  per  hour  speed  the  maximum  pres- 
sure developed  in  the  cylinders  was  approximately  550  lbs.  per  scj.  in.,  the  Ross  valves 
opened  and  floated  at  approximately  .7  inch  rise  and  ship  was  stopped  in  57.5  ft. 
whicb  is  almost  exactlj'  with  the  theoretical. 

DAMAGE   TO   CHAIX   AND   HAWSE    PIPE. 

11.  Examinations  were  made  of  chain  and  hawse  pipes  after  the  AUianca  and 
Cristobal  tests.  _  After  the  AUianca  test  the  links  of  chain  subjected  to  wear  were  worn 
from  0  to  3/64  inch  %\-itli  about  same  wear  on  hawse  pipes.  The  rope  fender  was  not 
removed  fi'om  center  of  chain. 

12.  Examination  made  after  Cristobal  test  showed  a  maximum  wear  on  chain  and 
hawse  pipe  of  3/32  inch  and  approximately  same  wear  on  hawse  pipe.  One  link  being 
No.  7  from  hawse  pipe  towards  sheave  when  chain  is  up,  was  stretched  7/16  mch  and  bent 
about  3/16  hich.  This  same  link  also  developed  a  flaw  with  openmg  3/16  inch  x  3/4  inch 
and  about  1/2  inch  deep.  Two  links  at  center  of  chain  were  bent  3/8  inch  and  two 
more  about  1/16  inch.  All  other  links  were  O.K.  and  no  bending  of  links  caused  by 
traveling  sheave  could  be  observed. 
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THEORY   OF   OPERATION. 

13.  The  proper  functiomiig  of  the  chain  feuder  machines  when  chain  is  struck  by 
a  ship  depends  upon  the  successful  operation  of  two  resistance  valves  which  may  be 
connected  in  parallel  at  each  chain  fender  machine.  At  practically  all  chains  includ- 
ing the  chain  under  test  these  valves  are  of  the  Ross  type  the  theory  of  which  is  as 
follows; 

14.  The  water  pressure  in  the  main  or  upper  chain  fender  cylinder  caused  by  ship 
striking  the  chain  is  transmitted  thru  small  pipes  to  an  auxiliary  valve  of  safety, 
spring,  dia])hragm  type  which  opens  at  a  certain  pressure  for  which  it  may  be  set  and 
permits  water  to  flow  fi'om  head  of  cylinder  to  the  chamber  in  bottom  of  Ross  valve. 
Connected  to  this  same  chamber  in  bottom  of  Ross  valve  is  a  small  needle  val\e  which 
permits  the  escape  of  a  certain  portion  of  water  coming  through  the  auxiUary  valve 
depending  on  opening  of  the  needle  valve.  The  working  part  of  the  Ross  valve 
consists  of  a  movable  stem  having  two  pistons.  The  openings  and  parts  are  arranged 
to  form  a  balanced  system  except  for  pressures  from  chain  fender  cylinder  acting  on 
top  of  2"  stem  tending  to  close  the  Ross  valve  and  the  pressure  transmitted  through 
the  auxiliary  valve  acting  on  bottom  ^"  piston  tending  to  open  the  Ross  valve. 

15.  When  chain  is  struck  the  action  of  check  valves  closes  the  system  and  the 
pressure  increases  until  auxiliary  valve  opens.  This  transmits  the  pressure  to  bottom 
of  ()"  piston  of  Ross  valve,  thus  overcoming  the  effect  of  corresponding  pressure  on  the 
top  of  2"  stem  and  causes  stem  to  rise  and  opens  the  valve.  The  stem  of  the  valve  con- 
tinues to  rise  and  increases  the  opening  until  pressiu'e  in  chain  fender  cylinder  drops 
sufficiently  to  permit  closing  of  the  auxiUary  valve  whereupon  the  now  unbalanced 
pressure  acting  on  top  of  the  2"  stem  causes  Ross  valve  to  close,  the  water  in  bottom 
chamber  escaping  through  the  needle  valve,  which  is  set  at  small  opening  to  permit  a 
cushioning  effect  in  the  seating  of  the  A'alve.  This  opening  and  closing  of  the  Ross 
valve  continues  until  a  balance  in  pressure  between  the  2"  and  ^"  pistons  is  obtained. 
This  balance  is  struck  when  the  pressure  required  on  the  %"  piston  in  order  to  hold  the 
valve  is  the  same  as  that  required  for  discharging  thru  the  needle  vah'e  the  cjuantity  of 
water  entering  through  the  auxihary  valve.  Theoretically  this  should  cause  a  faii-ly 
uniform  resistance  pressure  slightly  in  excess  of  setting  of  the  auxiliary  valve. 

16.  The  functioning  of  the  Ross  valves  and  the  resistance  to  paying  out  of  the  chain 
are  thus  seen  to  depend  upon  the  differential  action  of  the  auxihary  valve  and  the 
needle  A-alve  and  the  potential  unbalanced  pressure  on  top  of  the  2'\  stem  which  tends 
to  close  the  valve.  Increasing  the  setting  of  the  auxiliary  valve  increases  the  pres- 
sure required  to  open  the  Ross  valve.  Increasing  the  opening  of  the  needle  valve  de- 
creases speed  of  opening  and  increases  speed  of  closing  of  Ross  valve,  causing  higher 
pressures.  Decreasing  opening  of  needle  valve  increases  speed  of  opening  of  Ross 
valve  and  decreases  speed  of  closing,  causing  lower  pressures. 

17.  The  pressure  curves  show  that  the  initial  pressiu'es  run  considerably  higher  than 
the  setting  of  the  auxiliary  valves.  These  high  pressures  caiise  wider  o])eniug  of 
Ross  valves  than  that  which  is  merely  sufficient  to  cause  the  desired  resistance.  The 
excess  opening  causes  a  rajnd  drop  in  cylinder  pressure  after  reaching  a  maximum. 
The  drop  in  pressure  is  further  accelerated  because  the  stem  of  Ross  yalve  continues  to 
rise  and  increases  the  opening  until  the  cylinder  pressure  falls  to  point  about  equal  to 
setting  of  the  auxiliary  valve.  In  other  words,  the  valve  is  opening  while  pressure  is 
rising,  reaching  a  maximum  and  dropping  to  a  point  equal  to  setting  of  auxiUary 
valve. 

18.  The  force  tending  to  close  the  Ross  valve  is  the  c \linder  pressure  which  sets  on 
the  top  of  the  2"  stem.  It  is  fully  effective  only  when  this  pressure  is  less  than  setting 
of  auxiliary  valves,  or  when  auxiliary  valves  are  closed.  The  closing  effort  is  greatest 
at  instant  of  closing  of  the  auxiliary  valves,  and  rapidly  decreases  as  the  cyUnder 
pressure  decreases. 

19.  The  closing  of  the  Ross  valve  is  further  delayed  by  resistance  to  flow  (hrough  the 
small  opening  of  the  needle  valve,  which  delay  serves  to  further  accelerate  the  drop 
ill  cylinder  pressure  and  conseciuently  decreases  the  closing  eft'ort. 

20.  IJeing  acted  upon  by  a  rapidly  decreasing  force  the  valve  must  be  free  to  act 
quickly  in  order  not  to  fail.  Any  undue  friction  or  sticking  in  any  one  of  llie  four 
valves  in  operation  might  cause  the  closing  of  the  valve  to  lag  behind  the  rapidly  de- 
creasing pressure,  whereupon  the  closing  effort  would  be  lost  and  valves  would  remain 
open. 

EXPL.\NATION    OF   DIFFERENT    RESULTS    OBTAINED. 

21.  The  only  reason  that  can  be  ascertained  for  the  different  results  of  AUianca  and 
Ct'istohul  tests  was  the  better  condition  for  operation  of  the  valves  in  the  latter  tests. 
As  before  stated,  no  special  overhauUng  of  valves  was  made  before  the  AUianca  testa 
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as  it  Avas  desired  to  make  same  under  normal  condition  of  maintenance.  The  valvea 
were  merely  taken  apart  and  examined  and  tanks  were  washed  out  to  prevent  ijo.ssi- 
bihty  of  silt  interfering  with  operations  of  the  auxiliary  valves.  No  attempt  wa.g 
made  to  have  valves  close  of  their  weight  after  being  operated  by  hand  as  no  necepsity 
tor  this  was  foreseen.  After  the  AlUanca  tests  were  completed  the  llosa  valves  were 
thoroughly  overhauled,  a  new  leather  placed  in  one  valve  and  the  other  leathers  soft- 
ened up.  One  valve  stem  which  was  sufiiciently  bent  to  cause  valve  to  operate  with 
diliiculty  when  moved  by  hand  was  straightened  in  the  lathe.  Glands  were  loosened 
up  so  that  valves  closed  by  their  own  weight. 

22.  It  is  understood  that  the  Ross  valves  are  designed  to  reduce  high  pressure  to 
lower  pressure  in  same  pipe  system.  In  such  a  system  there  is  always  some  pressure 
on  the  exit  side,  and  consequently  no  opportunity  for  the  pressure  on  the  entrance 
side  to  drop  to  a  point  below  which  the  unbalanced  closing  pressure  could  not  over- 
come some  considerable  friction.  On  the  chain  fender  machines,  however,  there  is  no 
appreciable  resistance  to  flow  beyond  the  valves  as  piping  is  short  to  air.  '  A  slug"-ish 
valve  might  work  satisfactorily  in  a  reducing  system,  but  might  fail  under  a  chain 
fender  test.  Test  No.  12,  run  with  Allianca  with  Iloss  vah-e  blocked  open,  indicates 
no  appreciable  pressure  in  cylinders.  With  open  valves,  therefore,  or  at  slow  speeds 
^^^th  partly  open  valves,  the  closing  pressure  is  either  not  sufficient  or  drops  too 
quickly,  and  their  own  weight  is  the  only  force  tending  to  close  the  valves.  With 
conditions  as  in  chain  fender  machines,  therefore,  the  adjustments  of  Eoss  valves 
and  accessories  must  be  carefully  made  and  maintained.  It  is  noted  also  that  the 
sag  of  the  chain  was  considerably  greater  in  the  Allianca  test  than  in  the  Cristobal 
test,  being  8  to  9  and  3  feet,  respectively.  Increase  in  sag  serves  to  increase  initial 
speed  of  cylinder  travel,  causing  higher  pressures  and  wider  opening  of  Ross  valves. 
High  initial  pressures  offer  more  opportunity  for  faiku-e  of  valves  to  close. 

2:5.  The  result  of  the  complete  overhauling  and  installation  of  springs  to  assist 
closing  of  the  valves  was  evident  in  the  locomotive  test,  and  to  a  smaller  degree  in 
the  Cristobaltest.  The  effect  of  the  springs  is  neglible  in  opening.  On  the  Cristobal 
test_  everything^ was  operating  so  smoothly  that  minor  changes  such  as  variation  in 
setting  of  auxiliary  valves,  needle  valves,  springs,  use  of  one  or  both  valves  on  each 
machine,  change  of  speed,  etc.,  while  making  appreciable  difference,  were  not  suf- 
ficient of  themselves  to  cause  valves  to  fail. 

CARE    Of   V.'VLVE.*!. 

24.  Based  upon  result  of  these  tests  and  also  upon  the  fact  that  if  any  one  of  the  four 
valves  at  each  chain  fender  fails  all  would  fail,  the  Board  recommends  the  followino- 
covering  care  and  mai ntenance  of  the  valves :  °' 

1.  Valves  should  be  thoroughly  overhauled  every  6  months,  leathers  soft- 
ened up  or  new  leathers  placed  and  friction  of  moving  parts  eliminated  so  that 
valves  close  by  their  own  weight. 

2.  One  valve  at  each  machine  should  be  set  with  auxiliary  valve  to  open  at 
300  lbs.  and  G  to  12  notches  fone  to  two  complete  turns)  opening  needle  valve. 
The  second  valve  at  each  machine  should  be  set  with  auxiliary  valve  to  open 
at  400  lbs.  and  needle  valve  set  at  6  to  12  notches  Cone  to  two  complete  turns). 
Both  valves  should  be  connected  in  service  and  ready  for  emergency  operations. 

3.  Install  spiral  springs  on  valve  stems  below  valve  to  assist  valve  in  closing. 
Strength  of  springs  should  be  such  that  they  will  be  only  under  slight  compres- 
sion when  valves  are  fully  closed  and  100  lbs.  compression  vvhen^Ross  valvea 
are  open  one  inch. 

4.  Reduce  settings  and  operate  valves  vrith  operating  pumps,  then  reset  as 
prescribed  m  paragraph  No.  2  above,  every  three  months. 

_  5.  Wash  out  tanks  once  in  three  months  and  make  sure  that  there  is  no  grit  or 
silt  to  interfere  with  proper  operation  of  auxiliary  and  needle  valves. 

6.  Take  off  springs  and  operate  by  hand  once  a  month  to  see  that  valves  are 
operating  freely  and  closing  at  their  own  weight.     Then  replace  springs. 

7.  Operate  valves  by  hand  without  removing  springs  once  a  week  to  keep 
them  in  smooth  working  order. 

The  result  of  the  tests  indicated  that  the  chain  fender  machines 
vfoiild  operate  satisfactorily  when  properly  adjusted  and  no  difficulty 
would  he  encountered  in  stopping  any  vessel  approaching  the  locks 
with  a  speed  under  2  miles  per  hour.  In  addition  to  overhauling 
all  chain  fender  machines  and  putting  them  in  first-class  operating 
condition,  arrangements  were  made  at  the  Pacific  locks  to  put  covers 
63503°— 16 7 
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over  all  regulating  and  needle  valves  to  prevent  unauthorized  persons 
gaining  access  to  or  tampering  with  the  adjustment  of  the  mechan- 
isms. Arrangements  were  also  made  to  put  ventholes  in  the  top  of 
aU  water  tanks  of  chain  fender  machines  in  order  to  allow  the  escape 
of  air  at  the  time  the  machines  operate.  Ratchet-driven  pawls  have 
been  installed  on  the  lower  chains  at  Miraflores,  so  that  either  the 
high  or  low  tide  chain  can  be  easilv  thrown  in.  See  Plates  Nos. 
66  and  67 

CONDUCTOR    SLOTS. 

All  conductor  slots  and  rails  have  been  overhauled,  cleaned,  and 
painted,  putting  both  the  towing  and  return  tracks  in  condition  for 
operation. 

DECK   LIGHTS. 

Arrangements  were  made  to  replace,  practically  all  deck  lights  at 
the  Pacific  and  Atlantic  locks.  It  has  been  found  that  it  is  a  very 
difficult  matter  to  preveiit  the  deck  lights  chipping  and  breaking  out 
of  the  concrete  as  a  result  of  being  heated  excessively  by  the  sunlight 
and  then  suddenly  c[uenched  by  tropical  showers.  The  most  effective 
means  of  preventing  the  breaking  of  the  deck  lights  has  been  to 
paint  the  circumference  of  the  light  with  a  plastic  compound,  which 
allows  for  the  expansion  of  the  glass  after  being  embedded  in  the 
concrete. 

EMERGENCY    DAMS. 

As  a  part  of  the  operating  work  at  each  of  the  locks  two  drill 
operations  of  the  emergency  dams  are  made  each  month,  the  usual 
crew  being  nine  men.  In  order  to  accustom  the  men  to  operating 
under  any  condition,  at  least  one  of  these  operations  is  made  at  night 
under  artificial  light. 

If  the  dams  had  to  be  operated  in  an  emergency,  the  noise  of  the 
passing  water  would  make  it  impossible  to  give  verbal  directions; 
therefore,  all  operations  are  carried  out  in  silence,  arrow  signals  being 
installed  near  the  gates  on  each  girder  so  that  the  silver  operators 
can  signal  when  the  hooks  are  clear  or  in  place  on  the  gates.  Ad- 
ditional lighting  has  been  installed  and  an  indicator  has  been  placed 
on  the  gate  machines  for  aligning  the  clutches  so  that  the  machines 
can  be  changed  from  one  gate  to  the  gate  next  without  resetting. 
All  clutch  operating  solenoids  on  the  girder  hoist  machines  have  been 
removed  during  the  year  and  will  ])e  operated  by  hand  in  the  future. 
Tlic  Atlantic  locks  have  installed  lamps  in  each  girder,  gate,  and 
wedge  motor  in  order  to  keep  the  insulation  dry  and  ready  for  service. 

Upon  checking  up  the  quadrants  of  the  emergencj'  dams  at  the 
Pacific  locks  it  was  found  that  the  east  quadrant  at  both  Pedro 
Miguel  and  Miraflores  had  settled,  and  arrangements  were  made  to 
realign  them,  this  work  being  completed  in  December,  1015. 

FENDER   TIMBER. 

Timber  fenders  were  installed  at  Gatun  Locks  in  order  to  give 
additional  protection  to  the  walls  between  the  upper  and  lower  guard 
gates  and  the  spring  timber  fenders  as  originally  installed. 
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GUARD    VALVES. 

The  guard  valves  at  all  locks  were  originally  iiistaUod  with  the 
decking  poiu-ed  in  place,  making  it  impossible  to  dismantle  tlie  valves 
without  breaking  out  the  concrete  and  removing  the  rccossod  covers. 
Arrangcmonts  arc  being  made  to  put  in  steel  cover  plates  in  such  a 
manner  that  any  part  of  the  guard  valves  may  bo  dismantled  and 
removed  without  cutting  any  concrete.  In  the  near  future  arrange- 
ments will  be  made  to  remove  all  manganese  bronze  U-bolts  on  the 
guard-valve  counterweights  and  replace  them  with  soft  steel  bolts. 
This  is  the  direct  result  of  an  accident  which  occurred  at  Gatun 
Locks  under  date  of  October  21,  when  one  of  the  counterweights  of 
guard  valve  No.  226  failed  and  dropped  into  its  pit.  At  the  Pacific 
locks  experiments  were  made  with  one  of  the  guard  valves  using 
a  smaller  motor,  as  the  25  h.p.  motor  gives  a  very  high  starting 
torc^ue  and  wrenches  the  machines  whenever  they  are  operated.  By 
adding  approximately  3,000  pounds  to  the  counterweight,  it  was 
found  that  one  of  the  miter  forcing  motors,  a  7h  h.p.  machine 
would  safely  drive  the  guard  valves,  and  arrangements  have  been 
made  to  install  the  smaller  motor  at  the  Pacific  locks. 

HANDRAILS. 

The  usual  maintenance  work  has  been  carried  out  in  coTmection 
with  handrails  at  all  locks,  and  an  examination  of  the  motors  has 
brought  out  the  fact  that  their  internal  resistance  is  very  low.  Ar- 
rangements have  been  made  to  dry  out  all  machines  and  an  attempt 
will  be  made  to  keep  them  dried  out  by  frequent  operation  or  by  the 
installation  of  lamps.  A  number  of  machine  failures  have  occurred 
during  the  3'ear,  and  arrangements  have  been  made  to  strengthen 
the  weak  parts  of  the  machine  with  resultant  reliable  operation. 

INTAKE    SCREENS,    CENTER    AND    SIDE    WALLS. 

At  Gatun  all  intake  screens  were  removed,  cleaned,  and  given  three 
coats  of  red-lead  paint.  One  of  the  screens  w^as  coated  with  bitumastic 
enamel. 

At  Miraflores  all  center  wall  intake  screens  were  removed,  cleaned, 
and  coated  with  enamel,  the  work  being  complete  on  April  13,  191G. 

LAMP    STANDARDS. 

The  reflectors  of  all  lamp  standards  have  been  enameled  uhite 
during  the  year,  giving  very  satisfactory  illumination  of  the  lock 
walls  and  chambers.  Some  experiments  have  been  made  with  the 
use  of  nitrogen-filled  750-watt  lamps,  and  very  satisfactoiy  results 
have  been  obtained.  At  the  present  time  500-watt  tungsten  lamps 
are  used  for  the  illumination  of  the  lock  walls,  but  at  a  future  date 
these  vdll  be  replaced  with  the  higher  power  nitrogen-filled  lamps. 

LIGHTING,    TOWNSITE    AND    RANGE. 

All  channel  range  lights,  which  are  electrically  operated,  have  been 
connected  up  to  the  2,200-volt  service  at  Gatiin,  "Pedro  Miguel  and 
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Miraflores  Locks,  respectively.  The  east  and  west  channel  range 
light  circuits  have  been  segregated  so  that  either  series  of  lights  may 
be  operated  at  wiU.  Pedro  Miguel  townsite  lighting  mains  were 
connected  up  to  Pedro  Miguel  Lock  service  on  September  25,  1915. 

LOCKAGES. 

Owing  to  the  fact  that  the  slides  at  Gaillard  Cut  interfered  Avith 
the  operation  of  the  canal  between  September  IS,  1915,  and  April  15, 
1916,  the  number  of  lockages  made  during  the  year  does  not  compare 
favorably  with  those  of  the  last  year.  The  following  table  gives  the 
lockages  at  all  locks,  and  the  figures  for  Gatun  include  approxi- 
mately 40  vessels  which  were  locked  into  Gatun  Lake  on  the  south- 
bound trip  and  had  to  be  returned  to  the  Atlantic  entrance  ovang  to 
the  slides. 


Date. 

-Ml  loc]:- 
ages. 

Commer- 
cial Iock- 
ages. 

Commer- 
cial 
yessels. 

Noncom- 
moicial 
lockages. 

To  July  1   1015 

Gaiun. 

1.325 

02) 

1,0  ■.(5 
711 

1,113 
867 

259 

216 

To  July  1  1916 

2,254           1.773 

1,CC.0 

475 

Pedro  M'lgiid. 

To  Jnlv  1  1015 

1,330           1.073 
9S7               752 

1,113 
812 

257 

235 

To  July  1   1916 

2,317           1,825 

1,C25 

432 

ynrafl(>r(s. 

To.Tulv  1,  1915 

1.317           1,070 
060              772 

1,113 
813 

247 

1S8 

To  July  1   1910 

2.277 

1.S42 

1.926 

435 

In  July,  1915,  in  order  to  economize  in  tlie  number  of  pilots,  the 
channel  pilots  were  authorized  to  take  ships  through  the  locks. 
This  plan  did  not  prove  satisfactory  in  all  respects,  and  the  pro- 
cedure was  changed  in  April,  1916,  when  arrangements  were  made  to 
have  the  vessels  transferred  from  the  channel  pilots  to  the  lock 
pilots  during  lockage  operations.  The  lock  pilot  takes  charge  of  the 
vessel  at  the  approach  wall  and  releases  it  at  the  other  end  of  the 
lock  in  a  similar  location,  the  transfer  of  responsibility  taking  place 
after  the  vessel  lias  been  tied  up  to  tlie  wall,  although  the  cliango 
may  take  place  in  mid-channel,  the  respective  pilots  having  the 
option  of  refusing  to  take  charge  and  requesting  that  the  vessel  be 
tied  up  to  the  wall  before  accepting  the  responsibility  of  the  vessel's 
safety.  The  lock  pilots  report  direct  to  the  lock  superintendents 
and  therefore  the  superintendents  are  directly  responsible  for  all 
operations  at  the  locks.  Wlienever  possible,  twin  or  "tandem" 
lockages  are  made,  as  this  mode  of  handhng  the  sliips  gives  a  con- 
siderable saving  in  water.  The  maximum  over-all  length  ordinarily 
used  is  750  feet,  but  exceptions  have  been  made,  as  during  Septem- 
ber, 1915,  Gatun  Locks  put  through  the  S.  S.  Khn  and  the  S.  S. 
^^"il^^am  O'Brien,  having  a  total  over-all  length  of  800  feet. 

Whenever  any  maintenance  v/ork  is  being  carried  on  in  connection 
with  the  painting  or  repairing  of  the  lock  gates  and  gate  valves,  one 
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chamber  is,  of  course,  out  of  commission  aiul  necessitates  the  use  of 
only  Olio  culvert  m  locking  vessels  tlu-ough.  The  use  of  a  sincrlo 
side-wall  culvert  increases  tlio  time  of  operation  approximately  ^50 
per  cent  over  that  required  where  both  the  side  and  center  wall 
culverts  are  used. 

In  July  and  August,   1915,  the  battleships    Missouri,  Ohio,  and 
Wisconsin  were  locked  through  from  the  Atlantic  to  the  Pacific  side 
and  return.     The  time  of  operation  for  both  sets  of  lockao-es  was  as 
follows :  * 


ATLANTIC  TO  PACIFIC. 


Arrived.           Entered. 

Cleared. 

Time. 

GatU7i  Locks. 

Wisconsin,  July  15,  1915 

Ohio,  Julv  15,  1915 

11.00  a.  m. 
1.40  p.  m. 
5.  50  p.  m. 

3. 37  p.  m. 
3.  55  p.  ni. 
4.10  p.m. 

5. 23  p.  m. 
5.  40  p.  m. 
6. 22  p.  m. 

11.08  a.m. 
1.47  p.  m. 
6. 03  p.  m. 

3.  56  p.  m. 
4.07  p.m. 
5. 10  p.  m. 

5. 33  p.  m. 

5.  45  p.  m. 

6.  50  p.  m. 

12.06  p.m. 
2.  47  p.  Ml. 
7. 02  p.  m. 

4.42  p.m. 
4.  .39  p.  m. 
5. 35  p.  m. 

6.21p.m. 
6. 38  p.m. 
7. 30  p.  m. 

-Vin. 
59 

Missouri,  July  15, 1915 

61 

Pedro  Miguel  Locks. 
Missouri,  July  16,  1915 

00 

Ohio,  July  16,  1915 

47 

Wisconsin,  July  16,  1915 

33 

Miraflorcs  Locks. 
Missouri,  July  16,  1915 

26 

Ohio,  July  16,  1915 

49 

Wisconsin,  July  16,  1915 

54 

41 

PACIFIC  TO  ATLANTIC. 


Miraflorcs  Locks. 


Missouri,  Aug.  31,1915... 

Ohio,  Aug.  31, 1015 

Wisconsin,  Aug.  31, 1915. 


Pedro  Miguel  Locks. 


Missouri,  Aug.  31, 1915. . . 

Ohio,  Aug.  31,  1915 

Wisconsin,  Aug.  31, 1915. 


Gatun  Locks. 


Missouri.  Au?.  31, 1915. . , 

Ohio,  Aug.  31,  1915 

Wisconsin,  Aug.  31, 1915. 


9. 15  a.  m. 
9.25  a.m. 
9.48  a.m. 


10.39  a.m. 
11.05  a.  m. 
11.45  a.  m. 


7. 05  p.  ra. 

8.06  p.m. 
9. 59  p.  m. 


9.30  a.  m. 
9.  .35  a.m. 
10.43  a.m. 


10.  49  a.  m. 

11.  56  a.  m. 
1.04  p.m. 


7.17  p.m. 
S.  29  p.m. 
11. 35  p.  m. 


10.20  a.m. 
10.  35  a.  m. 
11.22  a.m. 


11.21  a.m. 
12.  28  p.  m. 
1.30  p.m. 


8. 32  p.  m. 

9.  43  p.  m. 
12.  50  a.  m. 
(Sept.  1.) 


Min. 
51 

61 
40 


ELECTROLYSIS    AND    CORROSION. 

Loch  gates.— The  most  serious  complication  which  has  arisen  (hir- 
mg  the  past  year  has  been  the  condition  of  the  lock  gates  and  valves- 
over  submerged  areas. 

The  locks  at  the  Pacific  and  Atlantic  ends  were  originallv  watered 
on  the  following  dates: 

Gatun,  west  chamber,  September  23,  1913. 
Gatun,  east  cham])er,  January  3,  1914. 
Pedro  Miguel,  west  chamber,  December  31,  1913. 
Pedro  Miguel,  east  chamber,  October  14,  1913. 
Miraflores,  west  chamber,  October  14,  1913. 
Miraflores,  east  chamber,  January  12,  1914. 
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At  the  time  the  locks  were  watered  all  lock  gates  had  been  painted 
and  put  in  fii'st-class  condition.  The  interiors  of  the  gates  were 
coated  witli  enamel  under  a  five-vear  guaranty,  and  the  exteriors 
being  protected  with  various  kinds  of  submarine  paints.  The  lock 
chambers  had  been  drained  at  times,  but  no  definite  overhauling 
and  maintenance  work  has  been  done  until  the  past  year. 

When  the  floating  caisson  was  received  in  December,  1914,  it  was 
installed  in  the  lower  east  lock  at  Miraflores  and  the  chamber  pumped 
out,  and  an  exammation  was  made  of  the  gates,  valves,  and  fixed 
irons.  They  were  found  to  be  in  good  condition,  although  there 
was  some  rusting  of  the  plates  and  rivets.  As  noted  above,  the 
east  chamber  was  submerged  in  January,  1914,  and  the  steel  had 
been  exposed  for  about  11  months.  Upon  the  whole  the  gates  were 
considered  to  be  in  excellent  condition  at  that  time. 

During  January  and  February,  1915,  the  west  chamber  at  Mira- 
flores was  pumped  out  after  being  submerged  about  15  months.  The 
paint  on  the  gates  was  blistering  badly,  but  was  still  givmg  fail* 
protection,  although  it  was  believed  advisable  to  start  in  going  over 
all  gates  at  Gatun  as  they  had  been  submerged  since  September,  1913. 

The  lock  gates  were  originally  coated  throughout  their  interiors 
with  bitumastic  enamel  and  we  had  also  authorized  the  protection 
of  one  of  the  spillway  gates  at  Gatun  with  the  same  material.  It 
appeared  to  give  adequate  protection  in  both  places  and  as  the 
contractor  guaranteed  the  effectiveness  of  the  enamel  for  five  years, 
we  entered  into  a  contract  providing  for  the  coating  of  all  lock  gates 
at  Gatun  with  bitumastic  enamel.  The  caisson  was  transfered  to 
Gatun  and  installed  in  the  chambers  on  the  following  dates: 

West  chamber,  north  end,  caisson  in  ph^ce,  July  14,  1915. 
West  chamber,  north  end,  caisson  raised,  September  5,  1915. 
West  chamber,  south  end,  caisson  in  place,  October  27,  1915. 
West  chamber,  south  end,  caisson  raised,  November  2,  1915. 
East  chamber,  north  end,  caisson  in  place,  September  15,  1915. 
East  chamber,  north  end,  caisson  raised,  October  15,  1915. 
East  chamber,  south  end,  caisson  in  place,  October  16,  1915. 
East  chamber,  south  end,  caisson  raised,  October  27,  1915. 

Upon  examination  of  the  interior  of  the  gates  at  Gatun  it  was  found 
that  about  200  panels  Vv^ere  in  an  unsatisfactory  condition,  and  the 
contractor  was  required  to  recoat  them  with  enamel  in  accordance 
with  his  contract.  The  condition  of  the  paint  on  the  exterior  of  the 
gates  was  as  follows: 


Gate  No. 


Condition  of  paint. 


Date  paint 
was  applied. 


1  t')  4,  inclusive. . 
5  to  30,  inclusive. 


37an(i:5S. 
39  and  40. 


Very  soft,  considerable  nist  and  pit  ting 
Soft,  blistered,  but  little  rust 


Very  little  paint  left,  badly  rusted. 
....do ■. 


June  14, 1913. 
June.  1913,  to 

Nov.      13, 

19t4. 
Oct.  15, 1914. 
June,  1913. 


A  great  deal  of  the  paint  was  applied  at  the  time  the  gates  were 
originally  accepted  and  is,  therefore,  the  original  painting,  but  some 
of  it  was  applied  as  late  as  November,  1914.  The  enameling  of  the 
gates  at  Gatun  was  completed  upon  the  following  dates: 
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Gat«  No. 

Upstream  side. 

Downstream 

Gate  No. 

Upstream  side 

Downstream 

completed. 

side  completed. 

completed. 

side  completed. 

land  2 

Oct.    11.1915 

Oct.    14,1915 

21  and  22 

Sept.  27, 1915 

Sept.  28,1915 

3  and  4 

Aug.    3,1915 

Aug.     9, 1915 

2:j  and  24 

Aug.    5,1915 

Aug.    6, 1915 

5  and  6 

Oct.     6, 1915 

Oct.     9, 1915 

25  and  26 

Sept.  30, 1915 

Sept.  28, 1915 

7  and  8 

Aug.  18,1915 

Aug.  18,1915 

27  and  2'^ 

Aug.    4, 1915 

Aug.    3,1915 

9  and  10 

Oct.    12,1915 

Oct.    12,1915 

29  and  30 

Oct.      1, 1915 

Oct.      1, 1915 

11  and  12 

Aug.  13,1915 

Aug.  13,  1915 

31  and  32 

Julv    29,1915 

Julv    28,1915 

13  and  14 

Oct.     S,  1915 

Sept.  29, 1915 

33  and  34 

Sept.  27, 1915 

Sept.  22, 1915 

15  and  16 

Aug.  10,1915 

Aug.  16,1915 

35  and  36 

Aug.    2, 1915 

July   27,1915 

17  and  18 

Oct.      6, 1915 

Oct.      5, 1915 

37  and  38 

Oct.    22,1915 

Sept.  21, 1915 

19  and  20 

Aug.     7, 1915 

Aug.     7, 1915 

39  and  40 

Nov.     1, 1915 

July   24,1915 

On  the  Pacific  side  no  work  has  been  done  on  Pedro  Miguel  Locks 
since  the  original  painting  and  watering  of  the  chambers.  At 
Miraflores  the  east  and  west  chambers  were  originally  watered  on 
January  12,  1914,  and  October  14,  1913,  respectively.  The  cham- 
bers were  not  drained  again  until  the  floating  caisson  was  received 
and  tested  out,  when  the  chambers  were  unwatered  and  watered  as 
follows: 

Miraflores,  east  chamber,  unwatered,  December,  1914. 
Miraflores,  east  chamber,  watered,  January,  191-5. 
Miraflores,  west  chamber,  unwatered,  January,  1915. 
I»Iiiaflores,  west  chamber,  watered,  March,  1915. 

At  this  time  an  examination  of  the  gates  and  valves  indicated 
considerable,  but  not  serious,  corrosion,  and  steps  were  taken  to 
protect  certain  of  the  valves  in  the  west  chamber.  The  lock  was 
again  unwatered  in  Februar}',  1916,  when  the  pumpmg  barge  was 
installed  at  the  lower  end  of  the  east  chamber,  the  upper  level  being 
pumped  dry  by  the  19th  of  the  month. 

Photographs  illustrating  the  condition  of  the  gates  at  Miraflores 
accompany  this  report. 

Plate  No.  2  shows  a  tj'pical  panel  with  its  blistered  paint  and 
rusted  area. 

Plate  No.  5  shows  the  appearance  of  the  lower  panels  covered  with 
sea  growth — note  the  rusted,spots. 

Plate  No.  1  shows  a  butt-strap  and  the  typical  pitting  vdiich  has 
occurred  on  all  gates. 

Plate  No.  4  shows  the  appearance  of  gate  No.  116.  The  lower  4 
panels  had  been  submerged  continuously  since  December,  1914.  The 
next  3  panels  were  covered  by  the  rise  and  fall  of  the  tide,  and  the 
upper  10  panels  were  submerged  only  part  of  the  time.  Three  kinds 
01  paint  were  used  on  this  gate — paint  (a)  on  the  lower  panels,  (h)  on 
the  next  three  panels,  and  (c)  applied  from  this  point  up. 

Plate  No.  4  also  shows  an  enlarged  view  of  one  of  the  lower  panels 
of  gate  No.  116,  and  shows  one  of  the  worst  cases  of  pitting  that 
has  occurred. 

Steps  have  been  taken  to  have  the  entire  exterior  of  the  ^ates 
coated  with  bitumastic  enamel  wherever  they  are  wholly  or  periodi- 
cally submerged.  The  balance  of  the  lock  gate  leaves  were  painted 
as  follows: 

Steel  surfaces  submerged  only  durmg  lockage  operations  were 
cleaned,  and  painted  with  two  coats  of  red  lead  paint,  with  a  finishing 
coat  of  Detroit  graphite  No.  30  marine  brov.'n.  The  remaining  sur- 
faces were  given  one  coat  of  Detroit  graphite  No.  30  marine  brown. 
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The  gates  in  the  east  chamber  at  Miraflores  were  enameled  com- 
plete on  the  following  dates : 


Gate  No. 

Down- 
stream side 
enameled. 

Upstream 

side     • 

enameled. 

Gate  Ko. 

Do\\Tl- 
stream  side 
enameled. 

Upstream 

side 
enameled. 

100-101... 
104-105. . . 
lOS-109... 
112-113... 

1916. 
Mar.     8 
Ivlar.     4 
Mar.     7 
Mar.  14 

1916. 

Mar.     2 
Mar.     7 
Mar.  14 

116-117... 
120-121... 
124-125... 

1916. 

Mar.  14 

May   20 

...do 

1916. 

Mar.  14 

May   20 

...do  

1  Not  finished. 


The  enamel  placed  on  the  gates  has  been  guaranteed  by  the  con- 
tractor for  five  years.  Regarcling  gates  Nos.  100  and  101,  it  may  be 
stated  that  the  enameling  will  be  completed  as  soon  as  the  caisson  is 
again  in  operating  condition. 

Cylindrical  valves. — Observations  during  the  past  year  have  shown 
that  the  corrosive  action  on  the  valves  has  been  severe. 

In  July,  1915,  Gatun  Locks  west  chamber  was  drained  and  as  a  part 
of  the  maintenance  work  all  of  the  accessible  cylindrical  valves  were 
examined.  It  was  found  that  marked  corrosion  was  taking  place  on 
certain  parts  of  the  valves,  although  the  entire  valve  was  made  of 
cast  iron  or  steel,  no  bronze  parts  being  adapted  in  the  original  design. 
It  was  found  that  in  the  lower  level  an  average  of  75  per  cent  of  the 
seal  segment  nuts  were  corroded  and  an  average  of  106  per  valve  were 
ref|uired  to  replace  those  in  bad  condition.  In  some  cases  fully  half 
the  nut  had  disappeared  and  some  idea  of  the  more  moderate  cases 
may  be  obtainecl  by  referring  to  Plate  No.  9.  The  original  nuts 
were  made  of  steel,  but,  for  purposes  of  test,  valve  No.  502  was 
installed  with  10  brass  nuts  on  one  seal  segment,  10  refined  iron  nuts 
being  installed  on  another  segment.  It  was  also  found  that  the  bolts 
holding  the  valve  stops  in  place  were  in  such  a  condition  that  they 
had  to  be  replaced  in  every  valve  in  the  lower  level.  In  valves  Nos. 
503-506  brass  bolts  1  inch  by  3  J  inches  were  used  in  place  of  the  steel 
ones  taken  out. 

Similar  conditions  were  found  in  the  east  chamber  at  Gatun  when 
it  was  drained  on  September  16,  1015,  in  ever}^  case  the  corrosion 
being  excessive  in  the  lower  level  and  gradually  decreasing  toward 
the  Gatun  Lake  level.  All  valves  were  put  mto  good  condition  and 
painted  with  red  lead. 

At  the  Paciiic  locks  no  examination  has  been  made  of  the  valves 
at  Pedro  Miguel  or  of  those  on  the  west  side  of  Mirafiores  center  wall! 
The  east  valves  at  Miraflores  were  found  to  be  in  fair  condition.  On 
February  24,  1915,  cylinder  valve  No.  716  at  Miraflores  upper  level 
was  dismantled  with  a  view  of  ascertaining  the  condition  of  the  valve 
and  stem  and  the  tul)e  for  the  valve  stem  in  order  to  determine  on 
the  protective  measures  necessary. 

The  main  part  of  the  valve  stem,  consisting  of  three  16  feet  6-inch 
lengths  of  extra  strong  galvanized  pipe,  was  in  first-class  condition, 
no  sign  of  corrosion  being  apparent.  The  oi^ly  sign  of  corrosion  on 
any  part  of  the  stem  was  a  one-eighth  inch  pitting  which  had  oc- 
curred on  the  forged  steel  end  of  the  valve  stem.  It  was  unnecessary 
to  dismantle  any  of  the  other  valves,  as  aU  parts  requiring  protection 
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from  corrosion  could    ho    reached    without    tho    necessity    of   going 
to  this  extreme. 

Inasmuch  as  all  painted  surfaces  of  tho  valve  had  failed,  it  was 
decided  to  coat  all  exposed  iron  and  steel  surfaces  with  enamel,  and 
a  contract  was  entered  into  with  the  American  Bitumastic  Enamels 
Co,  for  (h)ing  the  work. 

All  cylindrical  valves  overhauled  during  the  year  were  submerged 
on  the  following  dates: 

Gatun  Locks,  east  chamber  (coated  vrith  red  lead  paint)  ^  October 
27,  1915. 

Gatun  Locks,  west  chamber  (coated  with  red  lead  paint),  Novem- 
ber 2,  1915. 

Miraflores  Locks,  east  chamber  (coated  with  enamel) ,  June  1 5,  1 916. 

Pedro  Miguel  Locks,  east  and  west  chambers,  and  Miraflores  Locks, 
west  chamber,  v\  ere  not  overhauled. 

The  cylindrical  valves  at  Miraflores  Locks,  on  the  east  side,  were 
enameled  complete  on  the  follow^ing  dates: 

Valves  Nos.  700,  702,  704,  706,  and  708,  March  24,  1916. 

Valves  Nos.  710,  712,  714,  716,  and  718,  March  23,  1916. 

Valves  Nos.  720,  722,  724,  726,  728,  and  730,  May  10,  1916. 

Valves  Nos.  732,  734,  736,  and  738,  May  10,  lOlG. 

Rising  stem  imlves. — All  submerged  iron  and  steel  work  of  the  rising 
stem  valves  have  been  submerged  practically  continuously  since  the 
locks  were  first  watered  on  the  following  dates: 

Gatun,  east  chamber,  first  watered  January  3,  1914. 

Gatun,  west  chamber,  first  watered  September  23,  1913. 

Miraflores,  east  chamber,  first  watered  January  12,  1914. 

The  condition  of  the  valves  at  Pedro  Miguel  has  not  been  examined 
as  yet. 

The  foUowing  is  a  detailed  description  of  the  condition  of  the  various 
parts  of  the  valves  as  found  at  the  time  the  culverts  were  unwatered : 

At  both  the  Atlantic  and  Pacific  locks  there  was  considerable  cor- 
rosion of  the  valves.  The  one-half  inch  plates  have  been  attacked  in 
a  manner  similar  to  that  of  the  lock  gates.  In  certain  cases,  such  as 
the  lower  valves  at  Gatun,  together  w^ith  the  upper  and  lower  valves 
at  Miraflores,  they  have  been  violently  attacked  on  all  rivets.  Plate 
No.  7  shows  a  view  of  the  bottom  seal  casting  of  one  of  the  upper 
valves  at  Miraflores.  Out  of  the  64  rivets  on  one  butt-strap,  62  were 
practicaUy  eaten  away  and  the  remaining  tv/o  were  loose.  It  is  also 
to  be  noted  that  the  rivets  outside  the  surface  receiving  the  full  static 
head  on  the  valve  are  practically  free  from  attack. 

The  bottom  seal  casting  of  the  valve  which  comes  in  contact  with 
the  babbitt  metal  seal  on  the  bottom  of  the  valve  is  bein^  rapidly 
eaten  away,  in  many  places  the  pitting  being  over  three-sixteenths 
of  an  inch  deep.  A  number  of  valves  at  the  Pacific  locks  were  in 
such  condition  that  the  bottom  seal  had  to  be  machined  off  in  order 
to  make  the  valve  tight.  In  order  to  protect  the  valve  from  any 
farther  electrolytic  action  between  the  cast  steel  seal  and  the  lower 
babbitt  metal  seal,  all  babbitt  metal  has  been  removed  ami  replaced 
with  a  seal  of  greenheart  lumber. 

Side  seals  of  valves. — Some  of  the  bronze  side  seals  and  springs  were 
found  to  be  broken,  both  at  Miraflores  and  at  Gatun.  A  number  of 
the  bolts  on  side  seals  at  both  Gatun  and  Miraflores  were  found  broken. 
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With  the  above  exceptions  the  seals  were  in  good  condition  and  only 
required  a  small  amount  of  draw  filing  to  make  the  contact  surfaces 
perfect. 

Top  gate  seal. — The  top  gate  valve  seal  is  of  cast  steel  and  is  held 
in  place  by  bronze  bolts. 

Plate  No.  6  will  give  an  idea  of  the  amount  of  corrosion  which  has 
taken  place — the  worst  cases  being  at  the  upper  and  lower  valves  of 
all  locks.  In  practically  every  instance  the  corrosion  has  been  exces- 
sive around  the  heads  of  the  bronze  bolts,  cutting  away  the  metal  and 
in  some  cases  allowing  the  bolts  to  loosen  and  fall  out.  Several  cast- 
ings had  to  be  replaced,  although  in  every  case  the  rubber  seal  was 
still  soft,  pliable,  and  could  have  been  retained  in  service.  The  worst 
case  of  corrosion  of  the  seal  occurred  on  the  upper  valves  at  Mirallores. 

Piers  and  side  seals. — At  Gatun  practically  all  valves  were  installed 
with  fixed  side  seal  castings,  which  all  gave  evidence  of  considerable 
corrosion,  but  not  sufficient  to  cause  any  leaks. 

At  Miraflorcs  removable  side  seal  strips  were  of  machinery  steel 
(see  Plate  No.  8),  and  in  every  case  corrosion  had  reached  such  a  point 
that  all  side  seals  had  to  be  replaced.  Inasmuch  as  the  corrosion  had 
apparently  been  aided  by  the  proximity  of  the  bronze  side  seals  which 
bear  upon  them,  it  v.'as  decided  to  replace  all  machinery  steel  with 
lignum-vitse  wood,  in  this  way  tending  to  place  an  insulating  sub- 
stance in  contact  with  the  bronze.  All  porous  concrete  around  the 
fixed  irons  was  removed  and  replaced  with  cement,  and  wherever 
babbitt  metal  had  been  used  to  fill  the  recessed  holes  for  boltheads 
at  the  Pacific  locks  the  metal  was  removed  and  replaced  with  cement. 

Boiler  trains. — At  both  the  Atlantic  and  Pacific  locks  there  was 
considerable  corrosion  of  the  roller  trains,  the  rollers  of  which  are 
made  of  tool  steel.  At  the  Atlantic  locks  a  number  of  rollers,  bolts, 
and  filler  castings  were  found  missing.  All  were  replaced  and  the 
heads  of  all  bolts  were  riveted  over  to  prevent  future  losses. 

At  the  Pacific  locks  similar  conditions  were  found,  and  as  it  is 
impossible  to  protect  the  rollers  by  any  paint,  arrangements  have  been 
made  to  install  ^-inch  pipes  from  the  tunnel  floors  down  to  the  base 
of  the  roUer-train  tracks.  Crude  oil  will  be  forced  through  the  pipes, 
and  it  it  is  believed,  from  results  of  experiments  made  with  a  model, 
that  the  crude  oil  will  rise  along  the  surface  of  the  roller-train  track 
and  in  this  way  protect  the  rollers  by  coating  them  with  oil. 

Conclusions. — As,  a  result  of  the  examination  of  the  valves  at 
Gatun  it  was  decided  to  have  them  coated  with  bitumastic  enamel, 
although  the  fixed  irons  and  roller  trains  were  simply  painted  as  a 
protection  against  electrolytic  action.  At  the  Pacific  locks  the  expe- 
rience obtained  at  the  Atlantic  end  enabled  more  complete  ])rotectivo 
measures  to  be  taken,  the  following  being  an  outline  of  the  work  done: 

(1)  tUI  bronze  side  seals  were  lined  up  and  strips  of  zinc  bolted  to 
the  valve  each  side  of  the  seals  at  the  bottom  of  the  valve. 

(2)  "Wliere  necessary  the  bottom  valve  seal  v.-as  machined  off  to 
give  solid  metal  contact  with  the  bottom  seal. 

(3)  AU  removable  side  seal  strips  were  taken  out  and  replaced  with 
lignum-vita3  wood  strips.  Where  removable  strips  were  not  installed 
the  fixed  irons  were  milled  down  to  take  the  wooden  side  seals. 

(4)  All  ba])bitt  metal  used  in  the  assembly  of  the  valve  for  embed- 
ding and  protecting  boltheads  from  corrosion  and  for  calking  j)urposes 
was  removed  and  replaced  with  cement. 
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(5)  All  l)abbitt  metal  used  in  the  bottom  seal  was  removed  and 
replaced  with  greenheart  luni})er. 

(6)  All  steelwork  of  the  valre  was  coated  with  bitumastic  enamel. 
Tliis  left  only  the  bronze  side  seals  exposed. 

(7)  All  fixed  irons  were  coated  with  bitumastic  enamel. 

(S)  The  channel  iron  supports  for  the  rollers  were  coated  with 
bitumastic  enamel,  and  arangements  made  to  lubricate  the  roller 
trains  and  tracks  with  crude  oil  during  operation  and  while  the  valves 
are  submerged. 

(9)  All  submerged  portions  of  the  valve  stems  were  coated  with 
bitumastic  enamel. 

(10)  All  bronze  bolts  are  being  replaced  with  steel  as  fast  as 
breakage  occurs. 

The  rising  stem  valves  and  fixed  irons  at  Mirafiores  east  chamber 
were  completely  enameled  on  the  following  dates: 


Valve 

Fixed 

irons 

Valves 

No. 

enameled. 

enameled. 

1916. 

1916. 

4U 

Mar. 

25 

Mar.  25 

415 

Mar. 

20 

Mar.  30 

416 

Mar. 

23 

Mar.  23 

417 

Mar. 

30 

Mar.  30 

420 

Apr. 

10 

Apr.  10 

421 

Mar. 

17 

Mar.  17 

426 

Mar. 

2S 

Mar.  30 

427 

Apr. 

10 

Apr.  10 

428 

Mar. 

It 

Mar.  29 

429 

Apr. 

5 

Apr.     6 

432 

Mar. 

2S 

Apr.     4 

433 

Apr. 

11 

Apr.     1 

434 

May 

25 

May   25 

435 

May 

29 

May   29 

438 

Jirrie 

3 

June    3 

439 

May 

26 

May   26 

440 

iMav 

19 

May   19 

441 

iMay 

10 

May   10 

444 

Jiuie 

7 

Jmie  13 

445 

Juiie 

7 

Jime    7 

446 

Mar. 

9 

Mar.     9 

447 

Mar. 

21 

Mar.  30 

1  These  valves  were  enameled  under  date  of  Feb.  27,  1915,  and  were  touched  up  on  the  above  dates. 

Regarding  the  valves  at  Gatun,  the  dates  of  watering  and  unwater- 
ing  the  locks  is  given  under  the  subject  of  "Lock  gate's." 

MITER    FORCINCr    MACHINES. 

Experience  in  operating  has  shown  that  the  miter  forcing  machines 
are  an  unnecessary  adjunct  of  the  gates;  therefore  the  motors,  limit 
switches,  and  mechanisms  have  been  removed  from  the  gates,  the 
work  being  completed  in  July,  1915. 


PAINTING. 


All  tunnel  and  machine  room  floors  have  been  painted  with  concrete 
floor  paint.  All  machines  have  been  gone  over  and  where  necessary 
refinished;  all  exterior  steelwork  has  been  touched  up  with  red-lea(l 
pamt  and  finished  with  Detroit  graphite  gray  paint,  and,  in  fact, 
whenever  there  has  been  deterioration  of  the  paint  a  new  coat  has 
been  applied. 
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REGULATING    VALVES. 


Arrangements  were  made  last  year  to  purchase  regulating  valves  for 
installation  at  the  upper  and  lower  ends  of  the  center  wall  culverts  at 
all  locks.  The  work  on  the  valves  was  started  and  completed  as 
follows : 


Machine 
installed 
complete. 


Valve  installed 
complete. 


Upper  Pedro  Miguel . 
Lower  Pedro  Miguel . 

Upper  Miraflores 

Lower  Miiaflores 


Work  started  .  90  per  cent  complete. 
June  1, 1916. ..  Apr.  1, 1916. 
Workstarted..  16  per  cent  complete. 
do SO  per  cent  complete. 


Neither  valves  nor  machines  will  be  installed  at  Gatun,  as  they  are 
believed  to  be  unnecessary  on  the  Atlantic  side.  The  installation  of 
the  valves  is  being  carried  on  as  maintenance  work;  therefore  rapid 
progress  is  not  being  made,  as  the  lockages  interfere  with  continuous 
work  on  the  machines.  In  operating  the  valves  it  has  been  found 
necessary  to  install  a  3  foot  bulkhead  to  take  care  of  the  rise  in  water 
in  the  valve  pits  at  the  lower  end  due  to  the  velocity  of  approach  of 
the  culvert  discharge. 

REPAIR    PITS. 

In  order  to  allow  the  repair  of  towing  locomotives  on  either  of  the 
side  walls  or  upon  the  middle  level  of  the  center  wall,  arrangements 
have  been  made  to  install  repair  pits,  these  being  approximately  40 
feet  in  length  and  4  feet  6  inches  in  w^idth,  with  adequate  deptli,  so 
that  the  locomotives  may  be  examined  and  repairs  made  to  any 
portion  of  them.  At  Gatun  the  west  and  east  wall  of  the  repair  pit, 
as  well  as  the  center  wall  pit,  were  completed  on  May  1.  Repair  pits 
at  the  Pacific  locks  are  in  process  of  construction. 

REPAIR    SHOPS. 

Arrangements  were  made  to  construct  a  repair  shop  at  each  of  the 
locks,  and  during  the  last  year  arrangements  have  been  made  for  the 
purchase  of  certain  permanent  equipment,  which  is  listed  as  follows: 


Received. 


Installed. 


Gatun. 

20  inches  hy  12  feet  lat  he  with  motor  drive. 

.'<6-iuch  drill  press  with  motor  drive 

24-inch  shaper  with  motor  drive 

11-iueh  sensitive  drill  with  motor  drive 

Pedro  Miguil. 

36-inch  drill  press  with  motor  drive 

14-inch  sensitive  drill  with  motor  drive 

MiraflOTCi. 

20  inches  \rj  12  feet  lathe  wilh  motor  drive 

30-inch  drill  press  with  motor  drive 

24-inch  sliapcr  with  motor  drive 

14-iuch  sensitive  drill  wilh  motor  drive 


Jan.  10,1916 
Oct.  24,191.5 
Sept.  1.5,191.5 
Julv   21,1915 


Oct.    24,1915 
July   21,1915 


Jan.  10,1916 
Oct.  24,191.5 
Sept.  15,1915 
Julv   21,1915 


Febrviary,  1916. 

Do. 
November,  1915. 
January,  1916. 


December,  1915. 
September,  1915. 


February,  1916. 
December,  1915. 
September,  1915. 
Do. 
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SNUBBINO    BUTTONS. 

The  snu))biiig  buttons  and  posts  at  all  locks  have  been  painted 
with  one  coat  of  red  lead  as  protection  against  corrosion. 

SPARE    PARTS. 

During  the  past  fiscal  year  a  total  of  48  United  States  requisitions 
were  issued,  and  material  complete  had  been  received  on  34  of  them, 
the  balance  being  in  the  process  of  manufacture  and  delivery. 

SPILLWAY    CAISSONS. 

The  Gatun  spillway  caisson  was  painted  and  placed  in  the  water 
in  September,  1915. 

The  spillway  caisson  for  Miraflores  has  been  coated  with  bitumastic 
enamel,  but  will  not  be  placed  in  the  water  until  the  completion  of 
the  contractor's  vv'ork  in  the  west  chamber  at  the  locks. 

SPILLWAY,  MIRAFLORES. 

Tli8  usual  maintenance  work  has  been  done  upon  the  spillway  at 
Miraflores,  and  a  lighting  system  has  been  installed,  consisting  of 
nine  concrete  lamp-posts  along  the  top  of  the  spillway  structure,  and 
16  lights  Kave  been  installed  underneath  the  walkway,  so  as  to  ade- 
quately light  the  spillway  gates  at  night. 

TURNOUTS. 

Arrangements  were  made  last  year  to  purchase  the  necessary 
switch  frogs  and  track  for  installing  turnouts  at  ail  locks.  The  instal- 
lation of  these  turnouts  will  allow  the  return  tracks  at  all  locks  to 
be  used,  which  was  formerly  impossible  owing  to  the  fact  that  dam- 
aged locomotives  or  cranes  had  to  be  placed  upon  the  return  tracks. 
The  turnouts  have  now  been  installed  and  repair  pits  have  beeii 
placed  under  the  tracks  in  the  back  fill,  as  described  above.  The 
dates  of  completion  of  this  work  are  as  follows: 

Turnouts  for  Gatun  lower  east  level,  April  1,  1916. 

Turnouts  for  Gatun  middle  east  level,  April  1,  1916. 

Turnouts  for  Gatun  upper  east  level,  April  1,  1916. 

Turnouts  for  Gatun  lower  west  level,  April  1,  1916. 

Turnouts  for  Gatun  middle  west  level,  April  1,  1916. 

Turnouts  for  Gatun  upper  west  level,  April  1,  1916. 

Turnout  for  Pedro  Miguel,  west.  May  1,  1916. 

Turnout  for  Pedro  Miguel,  east,  May  1,  1916. 

Turnout  for  Miraflores  lower  east  level,  June  1,  1916. 

Turnout  for  Miraflores  upper  east  level,  started  in  June,  1916. 

TELEPHONES. 

The  telephone  equipment  at  all  locks  has  given  satisfactory  service 
throughout  the  year,  except  that  it  has  been  found  advisable  to 
remove  all  rubber-insulated  double-braid  wire  and  replace  it  v/ith 
duplex,  lead-covered,  rubber-insulated  cable.  The  installation  of 
lead-covered  cable  has  been  carried  on  whenever  men  are  available. 


86  THE   PANAMA  CANAL. 

Pedro  Miguel,  lead-covered  cable  installed  complete,  July,  1915. 

Miraflores,  lead-covered  cable  installed  complete,  September,  1915. 

Gongs  have  been  installed  on  one  of  the  lamp-posts  above  and 
below  the  control  house  on  the  center  wall  and  are  used  for  signalling 
the  superintendent  and  foremen  when  they  are  wanted  on  the 
telephone. 

TOWING    LOCOMOTIVES. 

During  the  year  the  towing  locomotives  have  given  excellent  results 
in  the  handling  of  vessels  of  all  sizes.  Connecting  the  towing  loco- 
motive motors  in  concatenation,  begun  during  the  preceding  fiscal 
year,  was  completed  during  this  year,  allowing  for  their  operation 
at  a  speed  of  1  mile  per  hour  when  desired. 

The  Signal  Code  and  Rules  for  the  Operation  of  Towing  Loco- 
motives were  revised  and  reprinted  during  the  year. 

TRANSFORMER    ROOMS. 

During  the  year  samples  of  oil  have  been  removed  from  all  trans- 
formers and  oil  switches,  and  if  the  dialectric  strength  of  the  oil  was 
not  satisfactory,  arrangements  were  made  to  filter  and  replace  the 
oil  with  dry  material. 

WHISTLES. 

Electrically  operated  whistles  have  been  installed  at  all  lock-control 
houses  for  signalling  the  lock  pilots  and  crews.  The  whistles  may  bo 
operated  by  pressing  any  one  of  the  several  buttons  located  at  fre- 
Cjuent  intervals  along  the  edge  of  the  control  switchboard. 

Further  details  of  operation  and  maintenance  of  the  locks  are  con- 
tained in  the  following  extracts  from  reports  of  the  lock  superin- 
tendents. 

Gatux  Locks. 

The  work  was  under  direct  cliarge  of  Capt.  T.  H.  Dillon,  Corps  of  Engineers,  United 
States  Army,  as  superintendent,  the  entire  year. 

Capt.  Earl  J.  Atkisson,  Corps  of  Engineers,  United  States  Army,  was  assigned  to 
duty  as  assistant  superintendent  July  8,  1915.  and  since  tliat  time  has  been  in  charge 
of  ail  field  and  maintenance  work  and  was  acting  superintendent  from  May  4  to  June 
30  during  the  absence,  on  leave,  of  the  superintendent. 

Mr.  T.  W.  McFarlane  continued  as  mechanical  super\'isor  until  August  10,  1915, 
when  he  was  transferred  to  the  coaling  plant  at  Cristobal.  Mr.  T.  E.  Ilesiin  was 
promoted  to  fill  the  vacancy. 

;Mr.  Ellis  D.  Stillwell  continued  as  electrical  supervisor  throughout  the  year  and 
acted  as  assistant  superintendent  from  ]\Tay  4  to  June  30. 

The  organization  has  continued  in  much  the  same  way  as  last  year.  Certain  im- 
provements have  been  made  by  placing  general  operators  in  direct  permanent  charge 
of  tunnel  and  locomotive  maintenance  and  in  more  direct  personal  responsibility 
for  various  work  around  the  locks.  All  locomotive  operators  are  trained  by  one  man. 
Great  improvement  in  this  regard  has  been  effected  also  by  rigid  oral  and  practical 
examinations  before  qualification. 

A  new  system  of  property  management  has  effected  economy. 

More  system  has  also  been  applied  to  all  maintenance  work  and  definite  instructions 
have  been  issued  to  insure  more  effective  work.  Fixed  times  have  been  set  for  in- 
spections to  prevent  neglect  of  important  matters. 

The  lock-pilots  system,  wliich  was  discontinued  July  5,  1915,  was  renewed  in  April, 
191(),  with  addition  of  placing  lock  pilots  under  direct  orders  of  lock  superintendents. 
The  result  is  a  fixed  responsibility  for  safe  operation  and  much  more  satisfactory  work 
all  around. 
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The  sih'or  force  was  increased  while  painting,'  lock  gates  and  overhauling  machinery. 

While  the  canal  was  closed  on  account  of  slides  the  work  at  Gatun  Locka  was  car- 
ried on  by  half  force,  the  reduction  being  made  by  transfer  and  furlough. 

lu  general,  it  may  J)e  stated  that  great  improvement  ha.s  been  made  during  the 
vear  in  smoothness  of  operation,  more  systematic  and  effective  maintenance,  and  in 
better  cooperation  and  more  definitely  fixed  responsibility. 


Report  of  lockages  follows : 


LOCKAGE    OPERATION". 


Months. 


Juir 

AUglLSt 

September. 
October . . . 
November. 
December . 
January . . . 
February. . 

March 

April 

May 

Juiie 


Total  for  the  year. 


Commer- 
cial. 


146 
120 

98 

36 

0 

8 
7 


6.-, 

10 

110 


Noncom- 
mercial. 


Total. 


159 

127 

113 

78 

17 

20 

16 

24 

32 

86 

135 

122 


The  average  amount  of  water  taken  from  Gatun  Lake  per  lockage  was  4,311,000 
cubic  feet. 

The  average  time  of  single  lockages  is  54  minutes,  counting  time  when  bow  of  vessel 
passes  first  chain  to  time  when  stern  clears  the  last  gates.  The  time  interval  between 
getting  first  line  aboard  until  bow  reaches  chain  is  about  7  minutes.  In  general, 
when  ships  are  ready,  lockages  follow  each  other  at  about  1  hour  and  15  minute  inter- 
vals. The  best  time  made  dm'ing  the  year  was  a  succession  of  four  down  lockages  at 
night  in  exactly  four  hours.  Speed  is  sacrificed  to  safety  of  operation,  effort  being 
made  to  eliminate  only  unnecessary  delay.  There  were  only  two  delays  of  30  minutes 
each  to  lockage  operation  during  the  year  due  to  faulty  operation  of  machines  or  men. 

The  largest  ships  locked  through  to  date  have  been  the  S.  S.  Kroonland  and  the 
S.  S.  Finland,  of  the  Panama- Pacific  Line — length,  578  feet,  beam  60  feet,  draft 
generally  about  30  feet. 

The  system  of  lockage  operation  continues  as  described  in  the  last  annual  report, 
except  that  the  locomotives  are  relied  upon  entirely  to  stop  the  ships  in  lock  chambers 
■ttithout  using  ships'  engines.  This  obviates  danger  of  mistake  in  engine-room  signals 
in  the  most  precarious  position  of  a  lockage. 

As  before  stated,  the  lock  pilots  who  were  removed  early  in  the  year  were  replaced. 
They  are  now  detailed  for  several  months'  time  at  the  locks,  and  being  under  the  order.3 
of  the  lock  superintendents,  constitute  a  part  of  the  lock  force.  Better  operation  is 
thus  secured  through  closer  cooperation  between  pilots  and  locomotive  operators, 
and  the  responsibility  for  everything  that  occurs  during  lockages  is  absolutely  fixed 
in  the  lock  superintendents. 

Charging  all  expenses  at  Gatun  Locks  for  July,  August,  and  September,  as  shown 
en  cost  sheets,  against  lockages,  except  the  contract  cost  of  painting  lock  gates,  the 
cost  per  commercial  lockage  for  those  three  months  was  approxim.ately  $216,425. 
The  cost  per  net  ton  was  approximately  $0.0485.  The  cost  of  painting  gates  was 
deducted  on  account  of  benefit  being  spread  over  a  much  longer  period  than  these 
tlxree  months,  the  proper  proportion  being  more  than  overbalanced  by  extra  work 
done  on  overhauling  machinery  while  locks  were  unwatered. 


OPERATING    MACHIXERY. 

la  addition  to  the  ordinary  work  of  inspection,  lubrication,  and  general  main- 
tenance, practically  every  machine  at  Gatun  Locks  has  been  thoroughly  overhauled 
duiing  the  year.  Certain  small  difficulties  and  faults  of  operation  have  appeared, 
necessitating  small  changes  and  improvements,  but,  as  stated  in  last  report,  the  lock 
machinery  is  adequate  for  tlie  purpose  intended,  the  major  principles  involved 
being  remarkably  well  provided  for. 
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EMERGEXCY   DAMS. 

Eacli  emergency  dam  has  been  operated  once  each  mouth  except  when  one  chamber 
was  out  of  ser\-ice.  One  of  tliese  operations  each  month  has  been  held  after  dark. 
Practically  all  men  on  the  locks  have  been  instructed  and  have  qualified  in  operating 
gate  and  girder  machines.  The  supervisors  and  general  operators  have  been  qualified 
to  swing  the  dams.  Typewritten  instructions  have  been  issued  covering  duties  of 
all  in  case  of  emergency.  Ordinary  maintenance  has  been  carried  on  through  the 
year.  All  motors  were  taken  out,  cleaned,  painted,  and  overhauled.  Limit  switches 
were  placed  on  wedge-operating  motors.  Guides  were  installed  for  ghder  cables. 
Foot-friction  brakes  were  placed  on  gate  motors.  Clutch  solenoids  were  removed. 
Clutches  on  gate  machines  were  readjusted  and  indicators  placed  for  quickly  lining 
up  gears  and  changing  clutches.  Ventilating  holes  were  placed  in  panel  boxes;  also 
new  rubber  gaskets.  Lights  were  placed  convenient  to  the  No.  1  gates.  Footboarda 
were  placed  for  operators  and  silver  helpers  during  operation.  Both  dams  were 
thoroughly  inspected,  rusty  spots  cleaned  and  painted. 

MISCELLANEOUS    WORK. 

There  has  been  a  general  clean-up  around  locks  and  back  fills  and  all  unneces.saiy 
tracks  removed.  Permanent  connections  with  the  Panama  Railroad  and  with  tracks 
on  Gatim  Dam  have  been  made.  All  temporary  walks  have  been  eliminated  and 
permanent  ones  have  been  constructed. 

Repairs  have  been  made  to  deck  and  tunnel  lights,  bitumastic  haA'ing  been  used 
around  blocks  and  indi\ddual  lights. 

Timber  fenders  were  extended  on  all  walls  to  the  first  gates  for  protection  to  ships. 

Smface  air  and  water  pipes  were  removed  and  permanent  connections  installed  in 
concrete  boxes,  all  walls,  all  levels. 

Window  sash  and  frames  on  all  locomotives  were  repaired. 

Clean-up  of  property:  Surplus  and  scrap  material  to  the  value  of  $13,877.43  baa 
been  collected  and  turned  in. 

Pump  barge  No.  169  and  its  machinery  was  repau'cd  and  placed  in  sendee  for  the 
unwatering  of  the  locks  and  overhauling  and  painting  of  lock  gates  and  machines. 

All  snubbing  buttons  which  had  broken  away  from  the  wall  on  account  of  settlement 
of  back  fill  have  been  raised  and  painted. 

Miscellaneous  electrical  work:  Insulation  resistance  was  taken  on  all  motors  on 
locomotives,  emergency  dams,  rising-stem  valves,  cylindrical  valves,  miter  gate 
machines,  handrails,  chain  fenders,  guard  valves,  auxiliary  culvert  valves,  and 
cross-under  sump  pumps,  36  of  these  showing  a  resistance  of  25,000  ohms  or  less,  most 
trouble  being  experienced  with  handrail  and  sump  pump  motors.  All  were  dried  out 
and  more  systematic  methods  of  inspection  arranged;  100,000  ohms  has  been  lixed 
as  lowest  standard . 

The  oil  in  all  transformers  and  switches  has  been  dried  and  cleaned,  the  majority 
being  in  very  bad  condition.  Everything  in  connection  with  their  rooms  was  thor- 
oughly overhauled  and  placed  in  first-class  condition. 

Trouble  in  light  and  telephone  chases,  owing  to  deterioration  of  insulation  caused 
by  excessive  dampness,  has  been  lessened  somewhat  by  openhig  holes  for  ventilation. 

Lighting  feeders  Nos.  7  and  18  were  turned  over  to  the  electrical  division.  Light- 
ing busses  were  connected  through  to  oil  switches  Nos.  2  and  Sin  both  s^\^tch-bank 
rooms.  These  switches  were  then  ]>ermanently  coiu\ected  to  the  caisson  feeders. 
Jumpers  in  these  feeders  have  been  removed,  but  hyld  in  the  room  ready  for  imme- 
diate use. 

SPECIAL. 

Surges  in  locks:  On  account  of  overtravel  of  water  vt  equalizing  levels  surges  are 
set  up  in  lock  chaml)ers  of  sufficient  head  to  slam  the  g;Ves.  Studies  of  the  periods  of 
these  surges  have  Ix^en  made  and  a  system  of  tiniing  the  closing  of  the  gates  in  con- 
junction therewith  has  been  worked  out.  The  gates  are  now  closed  at  such  limes  as 
will  bring  the  last  position  of  the  closing  movement  against  the  surge  so  that  the  slight 
water  head  prevents  their  slamming.  The  proper  times  are  indicated  by  certain 
positions  of  tlie  gauges  on  the  control  board.  The  average  delay  per  lockage  will  not 
exceed  !>0  seconds. 

SpilUng  through  culverts  direct  from  lake  to  sea:  This  was  done  through  side-wall 
culverts  on  several  occasions  during  the  dry  season  while  bafTIc  ])iers  at  the  spillway 
were  being  repaired.  Spilling  was  accomplished  with  one  valve  open  at  intake  and 
all  other  valves  at  full  opening.  With  both  intake  valves  wide  open  it  was  found  that 
lower  chain  fender  and  guard  gate  rooms  were  flooded  through  disturbance  of  water  in 
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forcbay.  "Willi  one  intake  valve  open  and  the  other  valves  at  full  opening  throuji;hont 
the  length  of  the  side-wall  culverts  the  readings  of  the  various  gauges  after  e(iui- 
librium  was  reached  were  as  follows: 

Lake  level 8G.  45 

Ven  t,  emergeuey  dam 76.  00 

Upper  level 55.  50 

Middle  Jevel 38.  41 

Lower  level 22.  37 

Sea 2.  60 

Data  were  not  consistent  enough  for  complete  analysis  of  currents  flowing,  but  a  close 
approximation  gave  7,250  cubic  feet  per  second  per  culvert,  or  a  velocity  of  approxi- 
mately 28.40  feet  per  second  through  the  culverts. 

The  currents  set  up  in  the  channel  were  noticeable  in  Cristobal  and  were  sufficient 
to  create  difficulty  in  handling  ships  at  the  oil  berth. 

Earthquake  tremors:  There  have  been  several  slight  tremors  felt  at  Gatun  Locka 
during  the  year  with  no  indication  of  damage. 

Signal  code:  The  signals  for  towing  locomotives  and  instructions  for  operation  of 
towing  locomotives  were  revised  during  the  year. 

Settlement  of  south  approach  wall:  The  south  approach  wall  is  still  settling  at  an 
average  rate  of  about  0.35  inch  per  month,  but  has  not  yet  reached  the  point  where 
repairs  are  considered  necessary.  Soundings  have  been  taken  on  each  side  which 
indicate  that  about  15  to  20  feet  of  new  material  might  be  placed  on  the  bottom 
of  channel  alongside.  It  is  believed  that  the  addition  of  this  material  would  tend  to 
balance  the  weight  and  prevent  further  settlement. 

Pacific  Locks. 

Mr.  F.  C.  Clark  continued  as  superintendent  imtil  February  10,  1916,  when  hig 
services  terminated  on  account  of  resignation,  and  Mr.  R.  II.  Whitehead,  assistant 
superintendent,  then  assumed  the  duties  of  superintendent.  Mr.  W.  R.  Holloway, 
electrical  supervisor,  was  appointed  to  the  position  of  assistant  superintendent,  made 
vacant  by  the  promotion  of  Mr.  Whitehead.  Mr.  Holloway  has  been  acting  as  super- 
intendent since  since  June  15,  at  which  time  Mr.  Whitehead  entered  on  leave. 

Mr.  George  L.  Viberg  continued  as  mechanical  supervisor,  and  has  been  acting 
assistant  superintendent  since  June  15.  Mr.  George  R.  Welch  was  appointed  elec- 
trical supervisor,  effective  February  10,  1916,  his  services  terminating  on  account  of 
resignation,  effective  at  the  close  of  business  on  June  15.  This  position  has  not  yet 
been  filled. 

_  The  general  organization  of  the  division  was  the  same  as  for  the  last  fiscal  year.  The 
size  of  the  personnel  has  been  increased  by  the  addition  of  a  number  of  locomotive 
operators,  which  subsequently  necessitated  an  increase  in  the  silver  force.  This  in- 
crease applies  to  Mirafiores  Locks  mainly,  the  force  at  Pedro  Miguel  remaining  prac- 
tically the  same.  This  is  explained  by  the  fact  that  quite  a  large  force  is  working  on 
the  special  maintenance  work  being  carried  on  at  Mirafiores. 

The  lock  pilots  have  been  placed  in  the  lock  organization  and  are  now  reporting  to 
the  lock  superintendent.     This  system  is  working  out  very  satisfactorily. 

At  the  time  the  canal  was  closed  on  account  of  slides  on  September  18,  1915,  there 
was  enough  construction  and  maintenance  work  to  keep  the  force  occupied  for  a  period 
of  about  two  months. 

This  work  was  nearing  completion  by  the  middle  of  November,  1915,  and  it  was 
found  necessary  to  reduce  the  force  in  some  manner  to  relieve  the  situation.  It  waa 
at  first  thought  advisable  to  furlough  the  men,  allowing  about  half  the  force  to  alternate 
on  furloughs  of  two-week  periods.  A  number  of  the  men  preferred  to  take  their 
vacations  rather  than  go  on  furlough,  and  as  some  of  the  men  transferred  to  other 
divisions  temporarily,  the  situation  was  soon  well  in  hand.  Very  few  men  were  actu- 
ally furloughed.  The  silver  force  was  considerably  reduced  at  the  time  the  canal  wa3 
closed. 

OPERATION. 

As  previously  reported,  the  filling  of  the  locka  at  Pedro  Miguel  sets  up  surges  in  the 
Cut,  which  may  cause  serious  currents  through  the  restricted  channel  of  the  slide. 
For  this  reason  it  has  been  the  practice  to  draw  water  slowly  after  11  a.  m.  and  to  draw 
no  water  while  large  ships  are  passing  the  slide.  It  has  been  found,  however,  that 
conditions  can  actually  be  improved  by  drawing  water  on  the  crest  of  the  surge, 
thereby  eliminating  the  reverse  current  that  the  static  head  at  Pedro  Miguel  would 
normally  set  up.^  Of  late  advantage  has  been  taken  of  this  fact  to  draw  water  while 
ships  are  in  the  slide,  thus  both  improving  conditions  in  the  Cut  and  effecting  a  saving 
of  time  at  the  locks. 
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The  operatin<?  force  has  become  very  adept  in  the  handling  of  lockages,  and  large 
ships  are  handled  with  the  same  ease  as  small  ones. 

During  the  year  987  operations  were  made  at  Pedro  Miguel,  752  of  which  were  for 
commercial  vessels;  at  Miraflores  960  operations  were  made,  772  of  which  were  for 
commercial  vessels.     These  operations  are  segregated  as  follows : 


Pedro  Miguel. 

Miraflores. 

Commer- 
cial. 

Noncom- 
mercial. 

Total. 

Commer- 
cial. 

Noncom- 
mercial. 

Total. 

July 

164 
141 

3 

IS 
14 

14 
9 
9 
12 
42 
44 
32 
20 

1^ 

1S2 

1.55 

106 

17 

9 

17 

19 

47 

51 

103 

146 

135 

161 
149 
108 
3 
1 
8 
7 
5 

72 
126 
122 

17 
13 

15 
13 
15 
12 
25 
18 
17 
25 
11 

181 

162 

September 

115 

October  

18 

November 

14 

December 

8 
7 
5 

71 
126 
121 

23 

January 

19 

February 

30 

March 

25 

April 

89 

May       

151 

June 

133 

Total 

752  '            235 

9S7 

772 

18S 

960 

Number  of  commercial  vessels 


Pedro 
Miguel. 

Miraflores. 

July         .                                                     

170 

155 

107 

3 

170 

Aueust    

155 

109 

October 

3 

1 

December 

10 
19 
5 
8 
76 
129 
125 

9 

19 

February 

5 

»•*... 

8 

76 

May 

129 

June -  --- 

125 

Total    

807 

809 

In  addition  to  the  above,  six  launches,  paying  tolls,  were  locked  through  Pedro 
Miguel,  and  five  were  locked  through  Miraflores. 

The  average  time  for  making  lockages  at  Pedro  Miguel  is  23  minutes,  and  at  Mira- 
flores is  40  minutes.  It  requires  an  average  of  50  minutes  per  lockage  at  Miraflores  at 
present,  on  account  of  the  special  maintenance  work  being  carried  on. 

It  has  been  necessary  to  close  the  lower  guard  gates  at  Pedro  Miguel  quite  frequently, 
due  to  the  fact  that  the  militaiy  authorities  use  this  as  a  means  of  communication  from 
one  side  of  the  canal  to  the  other. 


Last  year's  operations  were  marked  by  a  steady  decrease  in  the  a\erage  amount  of 
water  used  per  lockage  as  the  number  of  lockages  increased.  This  year  the  aAcragc 
amount  of  water  used  per  lockage  at  Pedro  Miguel  lias  been  2,941,0(10  cubic  feet,  as 
compared  with  2.900,000  cubic  feet  in  June.  1915.  There  has  been  no  decrease  in  the 
average  amount  of  water  used  per  lockage  at  Miraflores. 


TRAFFIC. 


Although  the  trafliic  has  increased  more  rapidly  since  tlie  reopening  of  the  canal  on 
April  15,  191G.  than  it  did  following  the  initial  opening,  it  has  not  as  yet  reached  the 
value  it  had  at  the  time  the  canal  was  closed  on  September  18,  1915. 
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MAINTEXA.VCE. 

In  tlie  reporl:  for  (he  previous  fisral  year,  mention  wasmadethat  the  valves  and  o^ates 
at  Mu-allores  were  cleaned  and  painted  as  a  result  of  examinations  made  at  the  time  the 
iloatang  caisson  was  tested  out.  It  was  thought  at  that  time  that  paint  would  be  a  eufli 
cient  protective  coating  to  prolong  the  life  of  tlie  submerged  parts  for  a  con.siderable 
tune.  1  he  leakage  at  Miraflores  increased  to  such  an  alarming  extent  that  it  was  found 
that  some  other  protectne  measure  would  have  to  be  adopted.  A  contract  waa 
accordingly  entered  into  with  the  American  Bituma^tic  Enamels  Co  to  coat  all  the 
submerged  parts  at  Mii-afloreswitli  bitumastic  solution  and  enamel,  this  same  work- 
being  contemplated  at  Pedro  IVIiguel  after  completion  of  the  work  at  Miraflores. 

ElIERGEXCY   DAMS. 

The  operators  ha^e  been  trained  to  a  high  degree  of  proficiency  in  the  operation  of 
the  emergency  dams.  Operations  are  being  performed  regularly  each  month  reouir- 
ing  approximately  30  minutes  at  Pedro  Miguel  and  25  minutes  at  Miraflores  for  a  com- 
plete operation,  such  operation  not  including  the  placing  of  drive  pipes.  The  opera- 
tions at  Miraflores,  ot  course,  do  not  require  as  much  time  as  at  Pedro  Miguel,  owin- 
four  ^^^  ^'''^  ^^^^  ^^  ^^^""^  Miguel,  while  at  Miraflores  there  are  only 

.  The  operation  of  the  dams  has  been  facilitated  and  made  safer  by  means  of  a  device 
insta  led  on  all  gate  machines  for  aligning  the  clutches.  By  means  of  this  arrangement 
tJie  clutches  can  be  changed  from  one  gate  to  the  next  without  resettinc^ 

AiTow  signals  have  also  been  installed  whereby  the  silver  men  who  hook  and  unhook 
the  gates  can  signal  to  the  operator  when  the  hooks  are  clear  or  are  in  place  This 
device  Has  been  tound  to  be  of  considei-able  advantage  in  making  operations 

Limit  switches  have  been  installed  on  the  wedge  motors  of  the  emergency  dams  to 
prevent  overtravel. 

A  slight  settlement  of  the  backfill  behind  the  east  walls  necessitated  a  readjustment 
of  the  rack  quadrant  of  the  east  dams  at  both  sets  of  locks.  In  settling,  the  quadrant 
bad  distorted  frona  the  true  arc  of  a  circle,  and  while  this  distortion  was  not  sufficient 
to  prevent  operation  ot  the  dam,  it  was  believed  advisable  to  make  the  correction  It 
was  a  so  believed  that  no  further  adjustment  would  be  required,  as  the  west  dams  at 
both  locks  had  shown  no  signs  of  settlement  after  thev  were  first  adjusted 


MITER   GATES. 


A  new  design  of  grease  cup  has  been  installed  for  lubric-ating  the  mit^r  gates,  which 

?ubnW?nlT,"'^  '"r  "  /^  •  '""^^r'  '''  '^'^  «"^^"^1  ^^thod.     These  cupsL-e  used  for 
Yl^fl    "  }^  vertical  pin  at  the  strut  arm  knuckle  connection,  as  well  as  the  pintle 

U.ri\:^A  ^      ""'T^  r'"!"^"^  ^^?'"®  *^^  '^^^^'^  li^e  by  01"-  forces,  with  two  coats  of  red 
lead  and  one  coat  ot  No.  30  marine  brown  ^  v.ua,  o  ui  iwu 

^  The  interior  compartments  of  all  the  gates  were  given  a  thorough  inspection  once  each 


TRANSFORMER   ROOMS. 


form^'r™  fJj^?  oil  switches  was  taken  out  and  filtered,  and  the  oil  in  all  the  traus- 
tormers  was  tested  and  replaced  where  found  to  be  in  poor  condition. 


COXTROL   HOUSES. 


rioT\vh?cTm«rl?''''f  ^  ^'' -^  ^^^  ""^  locks  were  gi^•en  a  complete  painting  on  the  inte- 
I  lor,  which  made  quite  an  improvement  in  their  appearance. 

CHAIN-  FENDERS. 

of  thSlf  n^^'i^YV'''''''  i'^talled  on  the  chain  fender  machines  to  prevent  starting 
ind  r^tS,fo  ^A  ^''^''"'  T'T  ^^  ""  ^'''''*''  ^'^^''^  """"^  ^^^'^^y  avoiding  high  cyl- 
and  XXI  th.  0?^""^*°!  has  been  detailed  for  duty  in  connection  with'caring  for 
and  adjusting  the  valves.  All  the  relief  valves  at  both  locks  were  overhauled, 
mar  inp!  u.^.u  .1  '^^^^'"'^^  ^^^e  maintained  in  a  satisfactory  manner,  and  the 
macliines,  as  well  as  the  chains,  were  given  a  complete  painting 
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It  was  found  necessary  to  erect  buildings  at  both  Pedro  Miguel  and  Miraflores  so  as 
to  give  the  silver  men  a  place  to  eat  their  lunches.  They  were  otherwise  required  to 
make  use  of  the  tunnels  or  other  shelter  about  the  locks  for  this  purpose.  The  new 
buildings  provide  a  place  for  both  gold  and  silver  men. 

Electrical  Division. 

The  duties  of  the  electrical  division  during  the  fiscal  year  comprised 
the  operation  and  maintenance  of  all  steam  and  hydroelectric  power 
plants  and  of  Balboa  air  compressor  plant;  all  electrical  transmission 
and  distribution  systems,  and  house  and  street  lighting  systems;  the 
telephone,  telegraph,  and  automatic  railway  signal  system  of  the 
Panama  Railroad;  the  design  and  construction  of  all  extensions  and 
additions  to  such  systems;  the  installation,  operation,  maintenance, 
and  repair  of  electrical  apparatus  of  all  kinds  for  other  departments 
and  divisions  of  The  Panama  Canal. 

The  hydroelectric  station  at  Gatun,  Miraflores  steam-power  plant, 
and  the  substations,  high-tension  transmission  lines  and  distribution 
lines  of  the  electrical  division  have  operated  satisfactorily  during  the 
year  and  without  incident  worthy  of  special  mention.  The  old  steam- 
generating  station  at  Gatun  was  dismantled  during  the  je&r,  and  the 
turbo  generators,  boilers,  and  other  eciuipment  installed  in  an  exten- 
tion  of  the  Miraflores  plant  that  was  constructed  during  the  year. 
This  change  will  result  in  a  reduction  of  operating  expenses  and  in 
more  efl'ective  maintenance  of  the  equipment. 

New  4,400  horsepower  water  wheels  were  ordered  during  the  fiscal 
year  for  the  main  generating  units  at  Gatun  hydroelectric  station 
which  will  result  in  increasing  the  capacity  of  the  station  by  about 
40  per  cent.  New  cable  feeders,  oil  switches,  and  other  auxiliaries 
for  taking  care  of  this  increased  output  have  also  been  ordered,  as 
well  as  two  new  4,000  k.v.a.,  44,000-volt  transformers  for  Gatun 
substation. 

The  prospects  of  further  heavy  additions  to  the  electrical  load  on 
the  Canal  Zone  as  listed  in  the  report  of  the  electrical  engineer  have 
made  it  desirable  to  arrange  for  still  larger  capacities  of  the  hydro- 
electric station  and  Gatun  substation.  Appropriatit)ns  for  the  com- 
ing fiscal  year  have  been  made  and  plans  are  in  progress  for  building  an 
extension  to  the  hydroelectric  station  of  the  same  size  as  the  present 
building,  adding  three  new  penstocks  and  one  new  4,500  k.w.  generator 
unit.  This  wiirpcrmit  of  an  ultimate  increase  of  the  station  capacity 
of  22,140  kilowatts  at  80  per  cent  power  factor.  The  largo  increase 
in  generating  capacity  has  made  it  advisable  to  change  the  voltage 
of  the  generating  station  from  2,300  to  6,600  volts  to  reduce  the 
number  and  cost  of  the  cable  feeders  between  the  hydroelectric 
station  and  Gatun  substation.  The  increase  in  the  hydroelectric 
station  by  the  addition  of  the  new  generating  unit  will  involve  the 
addition  of  a  new  power  transformer  in  Gatun  substation,  which  will 
probably  be  of  11,000  k.v.a.  capacity. 

The  average  production  cost  of  current  at  the  hydroelectric  station 
during  the  fiscal  year  was  0.06  cent  per  kilowatt  hour,  including  all 
operation,  maintenance,  repair,  and  division  overhead  charges,  but 
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not  including  depreciation.  Including  a  charge  of  3  per  cent  of  the 
capital  cost  of  tnc  entire  power  system  for  functional  depreciation 
the  cost  of  generated  power  at  tholiydroelectric  station  was  0.27  cent 
per  kilowatt  hour.  As  distrihuted  from  the  substations,  inchuhno- 
the  cost  of  operation  and  maintenance  of  the  reserve  steam  plant 
at  Wiraflores,  the  su])stations,  transmission  lines,  and  distribution 
lines,  and,  inckuhng  the  depreciation  cliarge,  the  cost  of  current  for 
jxiwer  purposes  was  0.773  cent  per  kilowatt  hour.  The  cost  for 
lighting  service,  including  the  maintenance  of  house-hghting  systems 
and  lamp  renewals,  was  1.45  cents  per  kilowatt  hour. 

New  cast-iron  liner  plates  and  floor  plates  were  installed  on  the 
baffle  piers  at  Gatun  spillway  during  the  fiscal  3"ear  to  prevent 
erosion  of  the  concrete,  and  further  protective  work  will  have  to  be 
done  during  the  present  fiscal  year. 

The  operation  of  the  13  electric  cargo-handling  cranes  of  the 
Panama  Railroad  on  Balboa  pier  was  conducted  by  the  electrical 
division  during  the  fiscal  year.  Seven  hundred  and  twenty-five 
vessels  were  loaded  or  unloaded,  with  a  total  of  103  crane-hours 
delay. 

The  operation  and  maintenance  of  telephone,  telegraph,  and  rail- 
way signal  systems  for  the  Panama  Railroad  was  also  conducted  by 
the  electrical  division.  One  thousand  eight  hundred  and  seventy- 
eight  telephones  were  in  service  on  June  30,  1916,  and  during  the 
last  6  months  of  the  fiscal  year  there  was  an  average  of  15,165  tele- 
phone calls  per  day.  Telephone  troubles  (except  cable  troubles) 
averaged  13  per  day  during  the  year  and  there  was  a  total  of  13 
cases  of  cable  trouble  during  the  year  on  468,268  feet  of  telephone 
cable.  On  the  automatic  block  signal  S3^stem  of  the  Panama  Rail- 
road failures  averaged  one  per  30,858  arm  movements. 

A  large  increase  was  observed  during  the  fiscal  year  in  the  work 
of  the  armature  winding  and  electrical  repair  shop.  Five  hundred 
and  seventh-four  repair  jobs  were  turned  out  during  the  year,  90  of 
which  involved  the  complete  rewinding  of  rotors  or  stators  or  both. 

A  large  amount  of  construction  work  was  done  on  the  construction 
of  imderground  conduit  lines  and  underground  and  overhead  dis- 
tribution lines  and  street  and  j^ard  lighthig  systems.  Motor-driven 
pumps  were  installed  for  Mount  Hope  Dry  Dock.  Two  hydrauHc 
graders  for  dredging  division  work  on  the  slides  were  fitted  up.  The 
electrical  equipment  was  installed  in  four  berm  cranes  for  Balboa 
coaling  plant,  and  in  the  pumping  and  air  compressor  plant  at  Balboa 
Dry  Dock.  Li^ht  and  power  systems  were  designed  and  material 
purchased  for  Pier  No.  7  at  Cristobal  and  Pier  No.  18  at  Balboa,  and 
most  of  the  work  on  the  latter  pier  completed.  Three  hundred  and 
eiglity-three  house  meters  were  installed  during  the  fiscal  j'ear  for 
The  Panama  Canal  and  for  the  Army.  Designs  and  specifications 
were  prepared  and  material  purchased  and  installed  for  electrical 
installations  in  all  new  buildings  constructed  for  The  Panama  Canal 
and  for  the  Army  during  the  fiscal  year.  A  total  of  3,828  work 
orders  covering  separate  jobs  were  issued  by  the  electrical  division 
during  the  year,  an  average  of  319  per  month,  for  work  outside  of 
routine  operation  and  maintenance. 
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The  details  of  the  operations  of  the  eU^ctrical  division  during  the 
fiscal  year  are  covered  in  the  report  of  the  electrical  engineer  which 
follows : 

Electrical  Division'. 

Maj.  W.  IT.  Rose,  Electrical  Engineer. 

During  the  fiscal  year  the  duties  of  the  electrical  division  comprised  the  operation 
of  all  steam  and  hydroelectric  power  plants,  Balboa  air-compressor  plant,  electrical 
transmission  and  distribution  systems  for  The  Panama  Canal;  the  design,  construction, 
operation,  and  maintenance  of  permanent  underground  electrical  distribution  systems, 
street-lighting  and  house-lighting  systems  for  The  Panama  Canal,  Panama  Railroad, 
Army  and  Navy;  the  operation  and  maintenance  of  the  telephone,  telegraph,  and 
automatic  railway-signal  systems  and  of  the  electric  cargo-handling  cranes  for  the 
Panama  Railroad;  the  installation,  operation,  maintenance,  and  repair  of  electrical 
ajjparatus  of  all  kinds  for  other  departments  and  divisions  of  The  Panama  Canal. 

DIVISION    OFFICE    AND    DESIGNING    WORK. 

The  usual  office  work  was  done  throughout  the  year  in  connection  with,  miscel- 
laneous correspondence,  reports,  power  an^  compressed  air  accounting,  and  other 
routine  papers.  Plans  were  developed  and  specifications  prepared  for  new  water 
turbines  of  increased  size  (4,400  h. p.)  for  the  three  main  generating  units  of  the  Gatun 
hydroelectric  station,  for  four  new  cable  feeders  of  400,000  circular  mil  conductor  area 
between  the  hydroelectric  station  and  Gatun  substation,  for  two  new  4,000  k.v.a. 
power  transformers  for  Gatun  substation,  and  for  new  oil  switches  and  other  accessories 
for  both  the  hydroelectric  station  and  Gatun  substation  to  provide  for  the  increased 
equipment  above  named.  The  necessary  plans,  estimates,  specifications,  requisitions, 
etc.,  were  prepared  for  extensions  to  underground  conduit  and  cable  distribution 
systems  for  electric  light,  power,  telephone,  street  lighting,  and  fire  alarm  serWce  in 
permanent  towns  and  Army  posts,  for  lighting  and  power  systems  in  all  new  buildings 
for  The  Panama  Canal,  Panama  Railroad,  United  States  Army,  and  United  States 
Navy,  and  for  light  and  power  systems  in  new  Pier  No.  18  at  Balboa  and  new  laundry 
at  Ancon. 

OPERATION    OF   POWER  PLANTS. 

IJydroclcclnc  station. — The  hydroelectric  station  at  Gatun  has  been  in  continuous 
operation  throughout  the  year  as  the  primary  source  of  power  for  all  purposes  in  the 
entire  Canal  Zone.  There  have  been  no  operating  difficulties  worthy  of  mention,  and 
the  operating  characteristics  of  all  machines  and  apparatus  has  been  highly  satisfactory 
throughout  the  year. 

Due  to  the  steady  growth  of  the  electrical  load  on  the  Isthmus,  as  discussed  in  the 
last  annual  report,  the  present  capacity  of  the  hydroelectric  station  is  insufficient  to 
meet  the  demand  at  all  times,  and  during  the  fiscal  year  it  has  been  regularly  necessary 
to  carry  peak  loads  ranging  up  to  2,000  kilowatts  and  of  several  houi's  duration  per  day 
on  the  steam  generating  station  at  Miraflores.  The  plan  of  increasing  the  capacity  of 
the  hydroelectric  station  by  the  installation  of  new  and  higher  capacity  water  turbines 
on  the  present  generators  was  discussed  in  detail  in  the  last  annual  report.  The  new 
water  wheels  have  been  on  order  since  January  21,  1916,  and  delivery  is  now  overdue 
by  over  a  month,  but  is  expected  within  the  next  few  weeks.  This  change  in  the  size 
of  the  turbines  will  result  in  increasing  the  capacity  of  each  of  the  three  units  from 
2,000  kilowatts  to  2,880  kilowatts  at  80  per  cent  power  factor,  an  increase  of  approxi- 
mately 40  per  cent. 

Even  with  this  increase  it  now  appears  certain  that  the  capacity  of  the  hydroelectric 
station  will  again  be  exceeded  in  the  near  future  by  the  addition  of  the  following  loads: 

Kilowatts. 

Balboa  Dry  Dock  pumps '4,  500 

Balboa  Dry  Dock  liglit  and  power 150 

Balboa  coaling  plant 750 

Ball)oa  town  addition 150 

Balboa  submarine  base 500 

Ancon  laundry 150 

Ancon  Hospital 225 

Cristobal  coaling  plant 2,  000 

Cristobal  cold-storage  plant 300 

1  latermittent. 
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Kilowatts. 

Cristobal  town  addition 50 

New  Tier  No.  6 200 

Stoves,  water  heaters,  and  otlier  domestic  appliances 1,  500 

Additional  air  compressor,  Balboa 1,  000 

Pacific  fortifications 225 

Coco  Solo  snbmariue  base 1,  000 

Additional  Army  quarters  and  storehouse 150 

Total 12,  845 

The  above  loads  are  estimated  only,  but  are  believed  to  be  low  rather  tlian  high. 
Due  to  the  effect  of  the  load  factor,  the  value  of  which  can  not  be  predicted,  these 
loads  will  not  produce  a  combined  load  on  the  system  equal  to  the  total  of  theii*  sepa- 
rate values.  The  combined  load,  however,  of  these  various  increases  will  certainly 
be  sufficient  to  raise  the  total  demand  on  the  Canal  Zone  beyond  the  capacity  of  the 
present  generating  equipment  in  the  hydroelectric  station  even  after  the  new  wheels 
are  installed. 

For  this  reason  funds  were  requested  in  the  estimates  for  the  fiscal  year  ending 
June  30,  1917,  and  have  been  appropriated  for  building  an  addition  to  the  present 
station  building  large  enough  to  provide  for  tliree  additional  generating  units  with 
then*  auxiliaries  and  for  installing  the  first  one  of  these  three  units.  At  the  time  the 
estimate  was  made  it  was  intended  that  the  new  unit  should  be  of  the  same  size  as 
the  present  ones  with  the  new  wheels,  namely,  2,880  kilowatts  at  80  per  cent  power 
factor.  This  would  result  in  a  station  capacity  of  11,520  kilowatts  after  the  first  new 
unit  is  installed  and  in  an  ultimate  station  capacity  of  17,280  kilowatts.  In  case  future 
developments  on  the  Canal  Zone  increased  the  demand  beyond  this  last  amount, 
further  increase  at  the  hydroelectric  station  could  only  be  secured  at  the  expense  of 
extraordinary  difficulties  and  costs  on  account  of  the  construction  of  the  dam  and 
spillway.  Investigation  has  shown,  however,  that  at  slightly  increased  cost  at  the 
present  time,  and  with  only  minor  modifications  in  the  interior  design  of  the  present 
station  building,  provision  can  be  made  for  making  all  three  of  the  new  generating 
units  of  4,500  kilowatts  capacity,  which  will  result  in  an  ultimate  station  capacity  of 
22,140  kilowatts,  instead  of  17,280  kilowatts  if  present  sizes  are  adhered  to.  Plans 
are  therefore  proceeding  in  the  way  of  designs  for  penstocks,  building,  exciters,  and 
other  accessories  on  the  assumption  that  the  new  unit  to  be  pm-chased  during  the 
fiscal  year  1917  will  be  of  4,500  kilowatts  capacity  at  80  per  cent  power  factor,  and  that 
the  two  future  units  will  be  of  the  same  size.  The  growth  of  the  electrical  load  on 
the  Isthmus  has  been  so  rapid  and  the  experience  of  all  electrical  utility  companies 
in  the  United  States  is  so  conclusive  as  to  the  certainty  of  continual  growth  that  it 
is  believed  to  be  unquestionably  the  wisest  policy  to  provide  at  the  present  time  for 
the  largest  ultimate  capacity  that  can  be  attained  without  radical  and  very  expensive 
changes  in  the  existing  installation.     The  plan  outlined  above  makes  this  provision. 

Investigation  has  also  shown  that  a  very  material  saving  in  the  ultimate  cost  of 
the  power  system  can  be  effected  if  the  new  units  are  designed  for  generating  at  6,600 
volts  instead  of  2,200  A'olts,  as  in  the  case  of  the  present  units.  The  voltage  of  the 
present  units  will  be  stepped  up  to  6,600  volts  by  auto  transformers  to  be  installed 
between  the  generators  and  the  station  busses. 

A  typical  load  curve  showing  the  combined  load  on  both  the  hydroelectric  station 
and  Mu-aflores  steam  plant  is  shown  on  plate  No.  68.  The  lower  curve  shows  the 
average  combined  load  at  each  hour  of  the  day  for  the  seven  working  days,  June  2.3, 
24,  26,  27,  28,  29,  and  30.  The  upper  curve  shows  the  maximum  combined  load  at 
each  hour  for  the  same  seven  days. 

The  production  cost  of  current  delivered  from  the  switchboard  of  the  hydroelectric 
station  during  the  fiscal  year  was 0.06  cents  per  kilowatt  hour.  This  cost'includes  all 
operation,  maintenance,  and  division  overhead  charges,  but  does  not  include  a  charge 
of  3  per  cent  per  annum  of  the  capital  cost  of  the  entire  power  system  that  is  being 
charged  into  our  monthly  accoinits  against  the  cost  of  power  to  cover  functional 
depreciation.  For  convenience  in  accounting  the  depreciation  of  the  entire  system, 
including  transmission  lines,  substations,  and  distribution  systems,  is  charged  iiito  the 
cost  of  power  at  the  generating  station.  If  this  depreciation  charge  be  included,  the 
cost  of  power  at  the  hydroelectric  station  for  the  fiscal  year  was  0.27  cents  per  kilowatt 
hour. 

The  operation  arid  maintenance  of  Gatun  spillway  was  conducted  during  the  year 
by  the  hydroelectric  station  force.  All  ])affle  piers  were  repaired  during  the  last  dry 
season,  marked  erosion  of  these  piers  having  been  noted  in  last  year's  annual  report. 
Two  additional  cast-iron  face  plates  were  installed  on  each  pier  to  protect  the  faces  on 
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which  erosion  was  most  marked,  and  lioor  plates  were  installed  to  prevent  further 
attack  in  the  angle  between  pier  and  floor.  The  changes  have  made  some  improve- 
ment in  conditions,  but  do  not  yet  afford  the  desired  degree  of  protection,  and  fm'ther 
work  will  have  to  be  done  during  the  next  dry  season. 

Mirajiorcs  steam  station. — This  station  has  been  operated  as  a  reserve  plant  during 
the  fiscal  year,  several  boilers  being  kept  under  steam  and  up  to  pressure  at  all  times, 
eo  as  to  minimize  the  length  of  interruptions  in  the  case  of  failures  at  the  hydroelectric 
station  or  on  the  transmission  line.  It  has  also  regularly  assisted  the  hydroelectric 
station  by  carrying  peak  loads  whenever  the  total  load  was  greater  than  the  capacity 
of  the  latter  plant.  One  or  two  of  the  1,500  k.v.a.  turbo  generators  have  been  kept 
"floating"  on  the  line  at  all  times  in  order  to  improve  the  regulation  of  the  transmis- 
sion line  by  improving  the  power  factor  by  operation  as  synchronous  condensers,  and 
in  order  to  be  in  immediate  readiness  for  service  in  case  of  emergencies. 

The  amount  of  power  absorbed  by  the  plant  in  the  operation  of  generators  as  syn- 
chronous converters,  excitation,  lighting,  etc.,  has  actually  exceeded  the  power  oiitput 
during  the  year,  so  that  no  costs  for  generated  power  can  be  given. 

The  addition  to  the  station  building  mentioned  in  last  year's  report  for  enabling  the 
remaining  equipment  to  be  transferred  from  the  Gatun  steam  station  was  completed 
during  the  year  at  a  cost  of  $47,268.90.  All  equipment  has  been  removed  from  the 
Gatun  plant  and  the  old  power  plant  building  taken  down.  The  work  of  reinstalling 
the  equipment  in  the  extension  at  Mkaflores  and  of  making  the  electrical  changes 
necessitated  by  the  extension  was  approximately  90  per  cent  completed  at  the  close 
of  the  fiscal  year,  and  the  cost  of  removing  from  Gatun,  reerecting  at  Miraflores,  and 
making  necessary  electrical  changes  was  $33,703.81  up  to  June  30,  1916.  The  following 
tabulation  shows  monthly  net  outputs  during  the  fiscal  year  from  the  hydroelectric 
station  and  Mhaflores  steam  station,  monthly  costs  of  generated  power,  not  including 
depreciation,  power  actually  distributed  to  consumers,  and  per  cent  loss  of  power  in 
transformation,  transmission,  and  distribution: 


Month. 


Kilowatt  hours. 


Gatun 
hydro- 
station. 


Mira- 
flores 
steam 
station. 


Cost  of  generation, 
cents  perlc.w.h. 


Hydro- 
station 
only. 


Includ- 
ing Mira- 
flores. 


Total 

generated 

power. 


Total 
delivered 

to 
consumers. 


Per  cent 
loss  in 
transforma- 
tion, trans- 
mission, 
and  dis- 
tribution. 


191.5. 

July 

August 

September 

October 

November 

December 


January . 
^ebruar3^ 

March 

April 

May 

June 


1916. 


2,957,000 
3,185,«S0 
3,209,6S0 
3,391,130 
3,2.52,142 
3,34.5,410 


3,261,000 
3.211,690 
4,001,200 
3,43S,300 
3,757,0.50 
3, 526, '.60 


23,000 
14,480 
-23,2.50 
-17,130 
-79,870 
-80,030 


-SI,  220 
27,000 
.53,470 

-41,970 
43,890 
87,490 


0.06 
.07 
.06 
.06 

.07 
.06 


0.20 
■  .18 
.17 
.18 
.20 
.19 


2,980,000 
3,200,160 
3, 184, 430 
3,374,000 
3,172,272 
3,265,380 


3,179,880 
3,238,6i;0 
4,054,670 
3,396,330 
3,800,940 
3,614,450 


2, 522, 195 
2,683,143 
2,721,078 
2, 805, 006 
2,044,683 
2,603,697 


2, 673, 071 
2, 6,52, 649 
3,. 521, 572 
2, 896, 148 
3,317,344 
3,086,175 


Average   for    the 
vear 


19.0 
19.3 
17.1 
20.3 
20.0 
20.6 


18.2 
22.1 
15.1 
17.3 
14.6 
17.1 


AIR-COMrRESSOR   I'L.W'T. 


The  steam-driven  air-compressor  plant  was  operated  during  the  fiscal  year  until 
April  18,  1916,  for  the  supply  of  compre.ssed  air  for  Balboa  shops,  dry-dock  and  terminal 
construction,  So.sa  Hill  quarry,  and  other  purposes.  On  this  date  the  plant  was  shut 
down  and  immediat(>ly  dismantled. 

The  following  tabulation  shows  the  monthly  output  of  this  plant,  in  cubic  feet,  of 
free  air  compressed  to  105  pounds  per  square  inch: 

1915_  Cubic  feet. 

July ..'. 157,  805.  925 

August 169,  328,  705 

September 156,  993,  290 

October 173,  676,  645 
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Cubic  foot. 

Novombor 107, 085,  734 

Docembor IGO,  036, 151 

1916. 

January 161, 436, 446 

February 217,  634, 881 

March 267,30.3,822 

April 1  65, 474,  690 

I  ]'lant  closed  Apr.  18, 1916. 

OPERATION    OF    SUBSTATIONS   AND   TRANSMISSION    LINES. 

All  substations  operated  throughout  the  year  in  the  most  satisfactory  manner,  and 
there  were  no  interruptions  of  high-tension  service  due  to  failure  or  improper  operation 
of  substation  apparatus  during  the  year. 

The  increase  in  the  size  of  the  water  wheels  in  Gatun  hydroelectric  station  requires 
an  increase  in  transformer  capacity  in  Gatun  substation  and  an  increase  in  feeder 
capacity  between  the  hydroelectric  station  and  the  substation.  Accordingly  two  new 
transformers  of  4,000  k.v.a.  capacity  each  have  been  ordered  and  delivery  is  expected 
in  September  of  the  present  year.  These  transformers  will  be  arranged  for  low-tension 
voltages  of  either  2,200  or  6,600  volts,  to  provide  for  the  contemplated  change  in  voltage 
at  the  hydroelectric  station  pre\dously  discussed.  Four  new  400,000  circular  mil 
feeder  cables  have  also  been  installed,  with  the  exception  of  a  few  splices  and  end 
bells,  to  provide  for  the  required  increase  in  feeder  capacity.  The  necessary  oil 
switches  and  other  auxiliaries  for  generators,  transformers,  and  feeders  have  also  been 
ordered  and  delivery  is  expected  within  the  next  few  weeks.  The  cost  of  the  4,000 
k.v.a.  transformers  will  be  $19,525  each.  The  cost  of  the  new  feeder  cables  has  been 
$33,039.50  for  material  alone,  and  the  cost  of  labor,  superintendence,  and  miscellaneous 
supplies  for  installation  up  to  June  30,  1916,  has  been  $3,337.06. 

The  operation  of  low-tension  (2,200  volts)  transmission  and  distribution  lines  through- 
out the  fiscal  year  has  been  highly  satisfactory.  There  has  been  only  one  case  of  cable 
trouble  on  the  entire  underground  system  during  the  fiscal  year,  a  cable  burnout  on 
a  4/0  feeder  between  the  hydroelectric  station  and  Gatun  substation,  that  was  evi- 
dently due  to  overheating  of  the  cable  by  overload.  Two  4/0  feeders  were  trans- 
ferred from  Gatun  Locks  to  the  transmission  system  in  order  to  eliminate  the 
overload  condition,  giving  a  total  of  10  instead  of  8  transmission  cables  between  these 
two  points. 

The  operation  of  the  44, 000- volt  transmission  lines  has  also  been  satisfactory  during 
the  year.  On  the  aggi'egate  length  of  approximately  90  miles  of  high-voltage  lines 
there  have  been  a  total  of  33  interruptions  of  service,  19  of  which  were  caused  by  insu- 
lator failm'es,  one  to  failure  of  bushing  of  current  transformer  at  Darien  substation,  one 
to  failure  of  hydroelectric  station  feeder  cable,  one  to  a  locomotive  crane  fouling  the 
line,  one  to  an  animal  attempting  to  crawl  over  a  strain  insulator,  and  10  to  unknown 
causes,  probably  insulator  flashing  over.  The  distribution  of  the  insulator  failures, 
by  months,  was  as  follows:  January,  February,  March,  May,  June,  and  July,  each  one 
failm-e;  April,  August,  October,  and  December,  each  two  failures;  September  five  fail- 
ures and  November  none.  Plate  No.  69  shows  the  causes  of  all  power  interruptions 
and  their  distribution,  by  months. 

There  were  10  cases  of  the  ground  wire  breaking  during  the  fiscal  year  in  com- 
parison with  13  cases  during  the  preceding  fiscal  year. 

It  will  be  noted  that  the  majority  of  interruptions  of  service  on  the  high-tension 
transmission  lines,  19  out  of  33,  were  caused  by  insulator  failures.  On  account  of  this 
fact  considerable  attention  has  been  paid  to  the  insulator  question  during  the  past 
year.  Conditions  on  the  Canal  Zone  are  rather  unfavorable  to  insulator  performance 
on  account  of  extremely  heavy  rainfall,  prevalence  of  fogs  in  certain  localities,  and 
location  of  transmission  lines  on  track  span  bridges  spanning  the  Panama  Railroad 
tracks,  which  result  in  an  accumulation  of  a  greasy,  sooty  deposit  from  the  smoke  of 
passing  locomotives  on  the  surfaces  of  the  insulator  disks. 

In  the  19  interruptions  of  service  caused  by  insulator  failures,  20  disks  were  involved. 
In  addition  to  these,  6  disks  failed  while  lightning  arresters  were  being  charged  and  one 
while  a  test  voltage  15  per  cent  above  normal  was  being  applied  to  the  line.  This 
makes  a  total  of  27  insulator  failures  during  the  fiscal  year.  Plate  No.  70  shows  the 
location  and  dates  of  insulator  failures  from  December,  1914,  when  the  transmission 
line  was  first  put  into  service,  until  June  30,  1916.  It  will  be  noted  that  out  of  43 
failures  on  46  miles  of  duplicate  transmission  line,  24  occurred  in  the  two  5-mile 
sections  between  miles  5  and  10  and  between  miles  30  and  35,  and  equal  number,  12, 
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occurring  in  each  of  these  sections.  In  other  words,  56  per  cent  of  the  insulator  fail- 
ures occurred  on  a  length  of  line  representing  only  22  per  cent  of  the  total  line  length. 
The  section  between  miles  5  and  10,  lying  between  Gatun  and  Monte  Lirio  ia  in  the 
region  where  the  railroad  passes  over  wide  arms  of  Gatun  Lake  on  high  earth  fills.  It 
is  possible  that  extremely  high  humidity  ia  primarily  responsible  for  the  excessive 
number  of  failures  in  this  district,  and  the  vibration  of  the  insulators  caused  by  passing 
trains  may  be  a  contributory  cause  by  cracking  the  glaze  or  the  porcelain  body  itself. 
The  district  between  miles  30  and  35,  which  Iiea  between  Gamboa  and  New  Culebra 
ia  a  district  of  heavy  and  frequent  fogs.  The  record  of  fogs  for  the  year  1910,  aa  pub- 
lished in  the  paper  on  "The  Climatology  and  Hydrology  of  The  Panama  Canal"  by 
Mr.  F.  D.  Willson,  chief  hydrographer,  presented  at  a  meeting  of  the  International 
Engineering  Congress  at  San  Francisco,  1915,  shows  fog  occurrences  during  the  year 
1910  as  follows: 


Location. 

Number 
of  fogs. 

Total 
duration. 

Cristobal 

6 
103 
217 
201 
197 
130 

S 

Uts.  Min. 
25    10 

Gatun 

324      7 

Bohio 

1  210    30 

Bas  Obispo .    ' 

893    25 

Culebra 

1, 108    20 

Pedro  Miguel 

471    25 

Ancon 

21      0 

Bohio  is  near  Monte  Lirio,  Bas  Obispo  is  just  opposite  Gamboa,  and  Culebra  is 
opposite  New  Culebra.  It  will  be  noticed  that  the  greater  frequency  of  insulator 
failures  corresponds  generally  with  the  frequency  of  fogs.  There  were  only  two  insu- 
lator failures  in  the  five  miles  of  line  nearest  Cristobal,  and  no  failures  at  all  between 
Pedro  Miguel  and  Ancon. 

Observations  have  also  been  taken  from  time  to  time  of  the  insulation  resistance  of 
the  line  by  means  of  a  megerg.  Immediately  after  construction  the  insulation  resist- 
ance between  each  46-mile  length  of  conductor  and  ground  was  148  to  150  megohms. 
In  about  14  months'  time  these  values  gradually  lowered  to  values  ranging  fi"om 
250,000  ohms  to  20,000  ohms.  No  material  change  has  taken  place  since  the  first  14 
months.  The  insulation  resistance  will  change  in  a  few  hours'  time  from  250,000  tf> 
20,000  ohms  with  changing  weather  and  temperature  conditions,  as  shown  by  Plate 
No.  71.  These  changes  are  undoubtedly  due  to  changing  surface  conditions  of  the 
insulators  and  to  more  or  less  porosity  of  the  porcelain. 

The  effect  of  the  smoky  deposit  from  the  oil-burning  locomotives  of  the  Panama 
Railroad  is  shown  by  the  reduction  of  flash-over  values  which  varies  from  80,000  to 
85,000  volts  at  25  cycles  for  clean  insulator  disks,  and  from  50  to  60  per  cent  of  these 
values  for  sooty  disks.  If  the  soot  is  removed  by  gasoline  the  flash-over  value  ia 
increased  to  normal. 

The  testing  of  the  insulators  in  ser\dce  by  means  of  liigh  resistance  wireless  receivers 
for  the  purpose  of  detecting  defective  insulators  before  failure  occurs  has  been  carried 
on  during  the  fiscal  year.  Sixty  insulator  strings  of  three  disks  each  that  appeared  to 
be  unusually  noisy  in  the  receiver  test  were  removed  and  tested  by  flashing  over. 
Two  strings  were  apparently  normal.  Five  strings  were  ff)und  to  have  two  punctured 
disks  each,  15  strings  had  one  punctured  disk  each,  and  all  of  the  remaining  149 
disks  flashed  over  at  voltage  of  from  50  to  60  per  cent  of  normal.  When  cleaned  of 
soot  by  means  of  gasoline,  normal-flash  over  voltages  were  obtained. 

The  cost  of  producing  power  at  the  hydroelectric  station  has  already  been  given. 
The  following  tabulation  shows  costs  from  month  to  month  of  distributed  p'jwer  and 
power  for  lighting  including  lamp  renewals: 
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Totals  for 

fiscal  year 

1915-16. 


Average 
per  month. 


Xet  consumption,  kilowatt  hours I    o 


Cost  of  operat  ion  and  maintenance,  hydroelectric  station . . 

Cost  of  maintenance,  (Jatun  steam  plant 

Cost  of  operation  and  maintenance,  Miraflores  steam  plant 

Cost  of  operation  and  maintenance,  all  substations 

Cost  of  maintenance,  transmission  lines 

Cost  of  maintenance,  distribution  lines. 


4,180.701       2,848,897 


$25,082.14 
1, 005.  3.3 
44, 003.  78 
48, 682.  77 
22, 424.  00 
25,799.17 


Depreciation,  transmission  system .'!!!!!!.".!!!..!.!!!!!  J    96'  000.  o!) 

Total  cost  of  current  for  power  distributed. 

Net  consumption,  lighting  current,  k.w.h ] 

Cost  of  maintenance,  house-lighting  systems 


264, 257. 19 

6, 442, 106 

543, 755. 89 


$2, 090. 18 
133.  78 
3, 721. 98 
4, 056. 90 
1,868.67 
2, 149.  93 
8, 000. 00 


22, 021.  43 

536, 842 

$3, 646. 32 


Average 
cost  per 
k.w.li. 


$0.  000734 
.000047 
.  001305 
.  001424 
.  000656 
.000755 
.002808 


. 007730 
'.'666792 


OPERATION   OP   BALBOA   CARGO-HAXDLIXG   CRAXES. 

The  electrical  division  performed  all  work  in  connection  ^%-ith  the  operation  and 
maintenance  of  the  13  electric  cargo-handUng  cranes  of  the  Panama  Railroad  on 
Jialboa  Dock.     I  he  following  tabulation  shows  monthly  performances* 


Month. 

Ships 
loaded. 

Ships  un- 
loaded. 

Lighters 
loaded. 

Light- 
ers un- 
loaded. 

Crane- 
hours 
worked. 

Crane- 
hours 
delay. 

191-5. 
July 

11 
14 
7 
9 
14 
10 

12 
15 
12 
11 

8 

1 

13 
7 
6 
14 
14 
11 

16 
12 
15 
9 

18 
10 
8 
8 
13 
22 

20 
29 
16 
17 
5 
2 

13 
7 
11 
27 
45 
30 

33 
32 
55 
30 
23 
6 

2,103 
1,730 
1,257 
3, 460 
4,590 
3,221 

3,847 
3, 067 
4,350 
2, 4  So 
394 
260 

August 

14 

September 

10 

October 

6§ 

November 

15J 

December 

13! 

1916. 
January 

6J 

February 

H 

March 

o 

April 

13i 

May 

6 

June 

4 

4 

Total 

124 

121 

168 

312 

30, 764 

■ . 

103 

A  total  of  292  vessels  were  loaded  and  433  unloaded  during  the  fiscal  year.  Of  the 
103  crane-hours  delay  for  the  entire  year,  32  crane-hours  were  caused  by  rain  411 
cranes  were  painted  during  the  year,  had  their  electrical  systems  overhauled,  and  the 
f^Qon"^^  ?^"*^^^""^°*  ^''^^^f  ^'^^^  modified  so  as  to  reduce  the  trolley  speed  from  600 
to  300  feet  per  minute.     New  trolleys  and  collecting  devices  were  installed  for  all 

OPERATION    OF   TELEPHONE    AND   TELEGRAPH    SYSTEM. 

The  electrical  division  did  all  work  in  connection  with  the  operarion  and  mainte- 
nance ot  the  telephone  and  telegraph  system  of  the  Panama  Eailroad  during  the 
nscai  year.  ° 

9«r7I  ^^"^^'^^^  ^I"']  twenty-two  telephones  were  installed  during  the  fiscal  year  and 
l^Li^^  JTT'^'^^''''^'^l^^^'^  '^  '^'^^^^  0^  J"^«  30,  1916.  "^During  the  last  six 
.Wrifl^Ii  K  '■''^  year  there  was  an  average  of  15,165  telephone  calls  per  diem  as 
determined  by  peg  c-ounts  taken  on  one  day  each  month.  The  average  number  of 
telephone  troubles,  including  cases  on  all  classes  of  subscribers'  instruments  and  all 
VlVr^'^l  ^  «^f;fPt  cables,  was  13  per  diem,  in  comparison  M-ith  about  30  ca.^es  per 
diem  lor  the  last  fiscal  year.  The  improvement  is  due  to  more  regular  and  svstematic 
inspections  and  to  the  decreased  number  of  long  twisted  pair  loops  that  has  resulted 
from  the  construction  of  the  new  underground  telephone  distribution  sj^stem. 

t  orty-four  thousand  nine  hundred  and  forty-four  feet  of  telephone  cable  of  all  sizes 

were  installed,  and  16,177  feet  were  removed  during  the  fiscal  year,  leaving  468,268 

eet  m  sev-pce  at  the  end  of  the  fiscal  year.     On  this  enrire  length  of  cable  there  were 

13  cases  of  trouble  dunng  the  fo-al.y/?ar.     One  case  on  the  trans-Lsthmian  cable  due 

to  malicious  cutting  ot  the  c'&ble  hy  i^nkiiovrjl  parties  and  12  cases  on  local  cables.     Of 
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these,  2  cases  were  due  to  rats  gnawing  through  the  sheath,  one  to  the  lead  boring  bug, 
three  to  leaky  sleeves,  and  six  to  unknown  causes. 

Switchboard  troubles  have  been  less  frequent  than  during  the  preceding  fiscal  year 
on  account  of  the  installation  of  new  relay  coils  with  better  insulation. 

Connections  were  made  during  the  fiscal  year  to  private  branch  exchange  boards 
installed  by  the  Signal  Corps,  United  States  Army  at  Fort  Sherman,  Fort  Randolph, 
Gatun,  Corozal,  Quarry  Heights,  Fort  Grant,  Camp  Otis,  Camp  Empire,  and  Camp 
Gaillard.  New  P. B.X.  boards  were  installed  and  connected  up  for  the  port  captain's 
office  at  Colon,  the  depot  commissary  at  Cristobal,  the  receix-ing  and  forwarding  agent 
at  Colon,  and  for  the  Pacific  terminals  office  building  at  Balboa.  The  old  central 
office  at  Empire  was  abandoned  and  the  telephone  distribution  system  in  the  Empire 
district  removed. 

OPERATION    OF   RAILWAY   SIGNAL   SYSTEM    AND   ACCESSORIES. 

The  electrical  division  performed  all  work  in  connection  with  the  operation  and 
maintenance  of  the  automatic  block  railway  signal  system,  interlocking  plants,  etc., 
of  the  Panama  Kailroad  during  the  fiscal  year.  At  the  end  of  the  year  there  were 
111  automatic,  14  semiautomatic,  22  power-operated,  and  13  train-order  signals  in 
service.  There  were  7  interlocking  plants  in  service  with  142  active  levers  operating 
10  power-operated,  manually  controlled,  13  semiautomatic,  4  high  mechanical,  wire- 
connected,  29  dwarf  mechanical,  with  connected  signals,  27  switches,  and  32  derails. 

There  were  no  false  clear  signal  aspects  during  the  fiscal  year  and  but  one  false 
caution  aspect.  There  was  a  total  of  2,922,449  arm  movements  \vith  199  resjionsible 
interruptions,  43  nonresponsible  interruptions,  and  721  train  minutes'  delay  for  the 
entire  year.  There  was  an  average  of  one  signal  failure  per  14,685  arm  movements 
during  the  fiscal  year.  For  the  last  six  months  of  the  fiscal  year  the  average  was  one 
failure  per  30,858  arm  movements.  During  the  preceding  fiscal  year  there  was  one 
failure  per  10,228  arm  movements.  Plate  No.  72  shows  the  occurrence  of  responsible 
failures  during  the  year,  and  Plate  No.  73  shows  the  occurrence  of  train  delays  due  to 
signal  failures. 

NORTHERN   AND    SOUTHERN    DISTRICTS. 

The  usual  operation  and  maintenance  work  was  done  in  the  Northern  District 
during  the  year  in  connection  with  underground  and  overhead  light  and  power  dis- 
tribution systems,  house  and  street  lighting  systems,  fire-alarm  systems,  and  main- 
tenance of  electrical  equipment  for  other  departments  and  divisions  of  The  Panama 
Canal,  the  Panama  Kailroad,  and  the  Army  and  Navy  in  the  towns  of  Colon,  Cristobal, 
Mount  Hope,  Gatun,  and  surrounding  districts.  Similar  work  in  the  Southern 
District  covered  the  towns  of  Gamboa,  Camp  Otis,  Camp  Empire,  Camp  Gaillard, 
Paraiso,  Pedro  Miguel,  Corozal,  Balboa,  Ancon,  La  Boca,  Fort  Grant,  and  surrounding 
territory. 

ARMATURE   WINDING   AND   ELECTRICAL   REPAIR   SHOP. 

Electrical  repair  work  on  all  classes  of  apparatus  for  all  departments  and  divisions 
of  The  Panama  Canal,  Panama  Railroad,  Army,  Navy,  and  for  commercial  companies, 
steamship  lines,  etc. ,  has  been  done  during  the  fiscal  year  in  the  electrical  division  shop. 
The  work  of  tliis  class  has  been  growing  rapidly  with  increasing  equipment  going  into 
service  for  The  Panama  Canal,  aging  of  equipment  pre\iously  installed,  increasing 
demands  by  the  Army  and  Navy,  and  increasing  traffic  through  the  canal.  The 
shop  force  has  been  doubled  during  the  fiscal  year  to  meet  this  increase  of  work. 
Substantial  savings  to  the  Government  have  been  effected  by  building  coils  for  rewind- 
ing motors  and  generators  instead  of  purchasing  built-up  coils  from  the  manufacturers 
and  in  fabricating  s^\^tch  and  panel  boards  of  special  design  for  various  installations 
on  the  Isthmus.  Many  of  the  repair  jobs  undertaken  required  sending  men  out  from 
the  shop  to  do  the  work  in  the  field. 

During  the  year  a  total  of  574  repaii"  jobs  of  various  magnitudes  were  completed,  of 
which  90  involved  the  complete  rewinding  of  motor  or  generator  armatures  or  stators, 
or  both. 

A  new  lathe  and  drill  press  were  added  to  the  shop  equipment  during  the  year. 

GENERAL  ELECTRICAL  CONSTRUCTION    WORK. 

Power  plants,  substations,  and  transmission  lines. — Mention  has  already  been  made 
of  the  work  done  during  the  fiscal  year  in  connection  with  the  extension  of  the  Mira- 
floros  power  plant  building,  of  the  traiisfer  of. tho  steam-generating  equipment  from 
the  Gatun  plant  to  Miraflores,  dftjie  fo^irncw  tstble  fcedoi'slhat  have  been  installed 
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between  the  hydroelectric  station  and  Gatun  substation,  and  of  the  repairs  to  the  bafTle 
piers  at  Gatun  spillway. 

Underground  conduit  lines  and  underground  and  overhead  dislribulion  lines. — Under- 
prouud  conduit  systems  containing  from  4  to  8  ducts  for  the  distribution  of  electric 
Light  and  power,  telephone  and  fire-alarm  cables  were  constructed  during  the  fiscal 
year  for  the  new  Army  post  at  Fort  Randolph,  for  piers  Nos.  14,  15,  16,  17,  and  18  at 
iJalboa  terminals  from  a  point  near  the  Balboa  pumping  station  of  the  municipal 
division  to  a  point  near  the  Tivoli  Hotel  for  the  new  Ancon  laundiy,  printing  plant, 
and  other  new  buildings  in  the  vicinity,  and  from  the  Administration  Building  to  the 
new  Balboa  townsite,  at  a  total  cost  of  $34,370.22.  These  conduit  lines  aggregated 
15,450  feet  in  length  and  involved  the  construction  of  68  concrete  manholes  and 
pull  holes.  Numerous  other  minor  extensions  to  existing  conduit  systems  in  various 
localities  were  made  to  provide  for  new  facilities  of  The  Panama  Canal. 

For  the  Army  authorities  a  subterranean  and  submarine  transmission  line  waa 
installed  from  Gatun  hydroelectric  station  to  Fort  Sherman  at  Toro  Point  for  trans- 
mitting current  for  post  and  fortification  Lighting  and  power  at  6,600  volts.  It  involved 
the  installation  of  three  100-k.v.a.  2,200/6,600  volt  transformers  in  the  hydroelectric 
station,  of  three  similar  transformers  at  Toro  Point,  of  7,200  feet  of  lead-covered  cable, 
and  of  40,900  feet  of  lead  covered  and  armored  cable  at  a  total  cost  of  $44,514.22. 

Five  300,000  circular  mil  2,200-volt  feeder  cables  aggregating  12,225  feet  in  length 
were  installed  between  Balboa  substation  and  the  new  dry  dock  pumping  and  air 
compressor  plant  at  a  total  cost  of  $14,952.20. 

Two  No.  4/0  2,200-volt  feeder  cables  aggregating  10,760  feet  in  length  were  installed 
between  Balboa  substation  and  the  new  Balboa  coaling  plant  at  a  total  cost  of  $7,636.07. 

Five  300,000  circular  mil  2,200-volt  feeder  cables  aggregating  10,110  feet  in  length 
were  installed  between  Cristobal  substation  and  Cristobal  coaling  plant,  at  a  total  cost 
of  $15,671.18. 

An  underground  distribution  system  for  electric  light  and  power  and  telephone 
service  was  installed  for  the  Army  at  Fort  Randolph  at  a  total  cost,  including  the 
street-lighting  system,  of  $15,071.86. 

A  rearrangement  of  the  Balboa  shops  feeder  cables  so  as  to  form  a  ring  system  and 
reduce  the  total  amount  of  cable  required  was  completed  during  the  fiscal  year. 

There  were  constructed  in  the  Culebra  district  2,200  and  11,000  volt  overhead-distri- 
bution lines  aggregating  20,000  feet  in  length,  for  the  supply  of  power  to  grader  barges 
of  the  dredging  division  working  on  the  slides.  The  total  cost  of  these  lines  waa 
$7,287.18. 

Numerous  other  minor  installations  of  underground  cables  and  overhead  lines  were 
constructed  during  the  fiscal  year  to  pro\-ide  for  new  buildings  and  other  facilities 
of  The  Panama  Canal. 

Street  lighting. — New  series  street-lighting  systems  of  the  type  described  in  the  last 
annual  report  were  constructed  for  the  Army  at  Forts  Grant  and  Randolph,  and  various 
extensions  in  the  street-lighting  systems  of  the  Panama  Canal  towns  were  made  to 
provide  for  new  streets  and  buildings. 

Motorizing  Mount  Hope  Dry  Dock  pumps. — Motor-driven  pumps,  to  replace  the  old 
steam-driven  pumps  at  Mount  Hope  Dry  Dock  were  installed  for  the  mechanical 
division  during  the  fiscal  year. 

Grader  barges  for  dredging  division. — The  electrical  installation  for  two  grader  barges 
for  the  dredging  division  for  work  on  the  slides  in  Gaillard  Cut  was  made  during  the 
fiscal  year  involving  the  installation  of  one  300-horsepower  and  two  350-horsepower 
motor-driven  pumps. 

Berm  cranes. — The  electrical  installation  of  the  four  berm  cranes  from  Miraflores 
which  are  to  be  used  in  the  new  Balboa  coaling  plant  was  completed  during  the  fiscal 
year  at  a  total  cost  of  $15,326. 

Shop  yard  lighting  system. — The  construction  of  a  yard  lighting  system  for  Balboa 
shops,  yards,  dry  dock,  and  \dcinity  was  begun  during  the  fiscal  year  and  advanced 
to  about  75  per  cent  of  completion.  '  The  cost  to  June  30,  1916,  was'$7, 887.50. 

Balboa  Dry  Dock  pumping  and  air-compressor  plant. — All  electrical  work  in  the  con- 
struction of  this  plant,  including  the  installation  of  four  1,000-horse power  motor-driven 
main  pumps,  two  200-horse power  motor-driven  drainage  pumps,  one  sump  pump, 
one  pressure  pump,  one  1,000-horsepower  motor-driven  aii'  compressor,  one  500- 
horsepower  motor-driven  air  compressor,  one  21-panel  switchboard,  47  feet  6  inches 
in  length,  valve  control  bench  board,  miter  gate  control  panel,  building,  and  pump 
well  lighting,  etc.,  was  performed  by  the  electrical  di\'ision  during  the  fiscal  year. 
Distribution  cables  and  switchboard  panels  have  been  installed  for  the  exterior 
lighting  and  power  system  of  the  dry  dock. 

New  piers. — The  electric  power  and  lighting  system  for  Piers  No.  7,  Cristobal,  and  18, 
Balboa,  were  designed,  material  purchased,  and  partially  installed  during  the  fiscal 
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year.  On  Pier  No.  18  the  lighting  has  been  finished  and  the  power  system  for  electric 
cargo-handling  cranes  and  winches  and  coal  conveyors  has  been  completed  with  the 
exc'eption  of  installing  the  power  wire  and  cables  and  a  motor  generator  set.  This 
material  has  not  yet  been  received  on  the  Isthmus.  The  cost  to  June  30,  1916,  of  the 
electrical  work  on  Pier  No.  18  was  $14,802.38.  The  electrical  work  on  Pier  No.  7, 
Cristobal,  was  approximately  20  per  cent  completed  at  the  close  of  the  fiscal  year. 
Extensive  revisions  in  the  power  systems  of  Piers  No.  8,  9,  and  10,  Cristobal,  were  made 
during  the  fiscal  year  to  provide  for  electric  cargo-handling  winches  and  coal  convey- 
ors. The  maintenance  of  electric  storage-battery  trucks  for  cargo  transfer  on  the 
Cristobal  piers  was  handled  by  the  electrical  division  for  the  Panama  Railroad  during 
the  fiscal  year,  and  a  battery  charging  panel  with  capacity  for  16  trucks  was  installed 
on  Pier  No.  11. 

Iixstallation  of  electric  meters. — The  electrical  di\-ision  has  installed  268  house  meters, 
two  and  three  wire,  ranging  in  size  from  5  to  25  amperes,  for  the  Army,  and  115  for 
The  Panama  Canal. 

Electrical  installation  work  in  buildings. — Designs  and  specifications  were  prepared 
and  material  purchased  and  installed  for  all  buildings  constructed  by  the  building 
division  during  the  fiscal  year  for  The  Panama  Canal  and  for  the  Army  (see  report  of 
resident  engineer,  building  division),  a  total  of  64  concrete  and  146  frame  buildings. 

Miscellaneous. — In  addition  to  the  principal  items  mentioned  above  a  large  amount  of 
miscellaneous  electrical  construction  work  for  various  departments  and  divisions  of 
The  Panama  Canal,  Panama  Railroad,  Army,  Navy,  and  individuals  and  companies 
was  done  during  the  fiscal  year.  The  amount  of  this  work  can  be  judged  from  the  fact 
that  during  the  year  3,828  work  orders,  covering  separate  jobs,  were  issued  by  the 
electrical  di\i3ion.  This  is  an  average  of  319  per  month.  During  the  first  six  months 
of  the  fiscal  year  the  average  was  268  per  month,  and  during  the  last  six  months,  352 
per  month.  Work  orders  are  issued  only  in  the  case  of  special  jobs  requiring  separate 
accounting  and  not  issued  for  routine  operation  and  maintenance  work. 

Municipal  Division. 

The  organization  of  the  municipal  division  remained  unchanged, 
and  the  work  accomplished  by  the  division  during  the  year  included 
the  maintenance  and  repair  of  the  municipal  improvements  in  the 
Canal  Zone  and  in  the  cities  of  Panama  and  Colon  and  the  operation 
of  the  pumping  stations  and  the  water  purification  plants,  in  addition 
to  a  large  amount  of  construction  work  for  that  division  and  for  other 
divisions  and  departments,  which  is  described  at  length  in  the  report 
of  the  municipal  engineer. 

The  municij^al  division  has  charge  of  all  water-supply  systems 
on  the  Canal  Zone,  including  the  operation  of  the  water-purification 
plants,  and  attention  is  invited  to  the  report  of  physiologist  George  C. 
Bunker  on  the  operation  of  the  purification  plants  and  the  work  of 
the  laboratories  connected  therewith,  giving  the  results  of  the  investi- 
gations of  tropical  waters  during  the  past  year  carried  on  by  him  and 
under  his  direction.  This  report  will  be  found  included  in  the  report 
of  the  municipal  engineer.  Practically  all  of  the  water  supply  for  the 
Isthmus,  with  the  exception  of  that  for  the  three  military  posts  on  the 
west  side  of  the  canal,  is  furnished  by  three  water-supply  systems. 
The  water  for  all  points  north  of  Gatim,  with  the  exception  of  Tore 
Point,  is  furnished  by  the  Mount  Hope  plant,  which  includes  the 
pumping  station  and  the  water-purification  plant  located  at  Mount 
llope.  The  water  is  taken  from  the  Brazos  Brook  Reservoir  and 
consists  of  the  water  accumulated  from  the  watershed  of  the  reservoir 
supplemented  as  required  by  water  ol)tainod  from  Gatun  Lake 
through  a  20-inch  pipe  lino  laid  in  a  tunnel  6  feet  by  6  feet  in  section, 
leaving  the  lake  at  elevation  plus  75.  The  water  is  purified  in  the 
Blount  Hope  purification  plant  and  forced  by  pumps  at  this  station 
thi-ough  the  distribution  system  supplying  Mount  Hope  and  all  points 
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north.  Tho  avrrago  amount  of  water  handled  at  this  station  during 
the  year  was  131,232,000  gallons  per  month.  The  water  for  Gatun 
and  Catnn  Locks  is  furni^ed  hy  tho  plant  located  at  Agua  Clara 
and  is  obtained  from  the  A^ua  Clara  Reservoir  and  purified  in  the 
filtration  plant  located  near  Uic  reservoir  and  forced  by  pumps  at  this 
station  through  the  distribution  system  supplying  Gatun  and  the 
locks,  and  also  to  a  300,000-gallon  concrete  reservoir  located  1^  miles 
east  of  Gatun  which  acts  as  a  surge  tank.  The  average  amount  of 
water  handled  at  this  station  during  the  year  was  22,580  gallons  per 
mouth.  The  w^ater  for  Paraiso  and  for  all  points  south,  includmg 
Panama  City,  is  furnished  by  the  Miraflores  plant,  which  includes  the 
pumping  stations  at  Gamboa,  Miraflores,  and  Balboa,  and  the  purifica- 
tion plant  at  Mu'afiores,  together  with  the  distribution  systems  and 
reservoirs.  The  w^ater  is  obtained  from  the  Chagres  River  at  Gamboa 
and  is  pumped  from  there  to  Miraflores,  from  which  point,  after  puri- 
fication, it  IS  svipplied  to  all  points  south  of  Paraiso  and  cast  of  the 
canal.  The  total  quantity  of  water  handled  by  this  system  during  the 
year  amounted  to  an  average  of  2-18,963,000  gallons  per  month. 

The  municipal  division  also  has  charge  of  the  water-supply  systems 
for  the  troops  on  the  west  side  of  the  canal,  the  water  at  these  posts 
being  obtained  from  the  Rio  Grande  and  the  Comacho  Reservoirs  and 
being  pumped  through  the  distribution  systems  that  supply  the 
posts.  Small  pumping  plants  are  also  operated  at  Monte  Lirio  and 
at  Frijoles  to  furnish  water  for  the  settlements  at  those  points. 

The  maintenance  of  the  roads  and  streets  and  sidewalks  in  the 
Canal  Zone  and  of  the  streets  in  the  cities  of  Panama  and  Colon  is 
also  a  part  of  the  work  of  the  municipal  division.  The  work  in  the 
cities  of  Panama  and  Colon  is  performed  for  the  Panaman  Govern- 
ment, and  the  expense  is  repaid  from  the  water  rentals  collected  in 
those  two  cities. 

A  large  amount  of  road  construction  w^ork  was  carried  on  during 
the  year,  particularly  in  the  Southern  District  in  and  around  Balboa 
and  Ancon.  The  extension  of  the  Balboa  town-site  improvement 
was  commenced  in  March  and  was  in  progress  during  the  rest  of  the 
year.  This  consists  of  the  necessary  grading  and  the  construction 
of  streets  and  the  installation  of  water  and  sewer  lines  in  that  part 
of  Balboa  lying  between  the  present  towni  and  Ancon  Hill,  to  take 
care  of  the  new  quarters  to  be  built  there  during  the  ensuing  year. 
All  of  the  road  construction  during  the  year  was  of  Telford  base 
with  concrete  asphalt  surface. 

Several  important  items  of  construction  work  were  performed  by 
the  municipal  division  for  other  divisions  of  The  Panama  Canal  and 
the  Panama  Railroad  and  for  the  United  States  Army,  a  part  of  the 
work  still  being  in  progress  at  the  close  of  the  year.  The  principal 
items  of  work  were  the  construction  of  the  w^ater  and  sewer  systems 
and  roads  and  pavements  for  the  Armv  posts  at  Fort  Amador  and 
Fort  Randolph,  and  the  construction  oJ  pavements  and  the  grading 
around  the  Balboa  shops  and  terminals.  Various  uncompleted  con- 
struction jobs  pertaining  to  the  Pacific  terminals  were  turned  over  to 
the  municipal  division  on  May  1,  1916,  when  the  Pacific  terminal 
division  w^as  abolished,  and  this  work  was  continued  by  the  municipal 
division  during  the  rest  of  the  year.  All  of  the  work'above  outlined 
is  described  in  detail  in  the  municipal  engineer's  report  which  follows: 
G3503°— 16 9 
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MUNICIPAL    DIVISION. 

D.  E.  Wright,  Mimidpal  Engineer. 

The  organization  o£  the  division  was  intact  throughout  the  year  and  \vas  di\ided 
into  the  Southern  District,  under  the  super\'ision  of  Mr.  W.  J.  Spalding,  and  the 
Northern  District,  under  the  supervision  of  Mr.  E.  H.  Chandler  (these  districts  per- 
forming the  construction  and  maintenance  work),  and  the  division  of  pmification 
plants  under  the  supervision  of  Mi*.  George  C.  Bunker,  physiologist.  The  work  as 
outUned  will  be  given  by  districts  under  the  heads  of  "Construction"  and  "Main- 
tenance."- 

Southern  District. 

In  the  Southern  District  the  following  work  was  authorized  done  for  the  United 
States  Army  at  the  various  points  designated  and  is  detailed  under  the  authorities  for 
expenditures  as  issued: 

Extension  ofrvater  lines  from  Naos  Island  to  Perico  and  Flamenco  Islands. — This  work 
consisted  of  480  cubic  yards  of  excavation  and  back  fill,  the  laying  of  2,537  linear  feet 
of  6-inch  cast-iron  pipe,  1,356  linear  feet  of  4-inch  cast-iron  pipe,  with  the  necessary 
fittings,  connections,  etc.     Total  cost  of  work,  §2,964.94. 

Grading  around  staff  officers'  quarters  oil  Qncirry  Heights. — This  work  consisted  of 
19,530  square  yards  of  grading,  445  square  yards  of  Telford  laid,  445  yards  of  asphaltic 
concrete  placed,  and  196  cubic  yards  of  excavation  and  fill.     Total  cost,  §3,228.62. 

Necessary  grading  for  staff'  offices'  quarters  and  the  removal  of  track  in  the  vicinity  of 
the  commanding  general's  quarters,  Balboa  Heights. — This  work  consisted  of  309  cubic 
yards  of  excavation,  7,588  square  yards  of  grading,  288  square  yards  of  Telford  placed, 
733  square  yards  of  asphaltic  concrete  laid,  200  Unear  feet  of  6-inch  cast-iron  pipe 
lowered,  and  0  house  connections  made.    Total  cost,  $1,213.44. 

Installation  of  sewer  for  provost  guard  on  Ancon  Hill. — This  work  consisted  of_340 
cubic  yards  of  excavation,  166  cubic  yards  of  back  fill,  1,326  linear  feet  of  6-inch 
vitrified  pipe,  36  linear  feet  of  10-inch  ^^.trified  pipe,  and  12  manholes  constructed. 
Total  cost,  $1,127.72. 

Construction  of  sideivalJcs  around  staff  quarters  in  accordance  with  approved  plan  sub- 
mitted by  headquarters  office. — This  work  consisted  of  325  cubic  yards  of  excavation, 
400  square  yards  of  gravel  walks,  1,708  linear  feet  of  concrete  edging,  and  10  clothes 
racks  constructed  and  painted.     Total  cost,  $1,391.14. 

Construction  of  concrete  drain  along  proposed  new  road  on  Quarry  Heights,  the  con- 
struction of  a  basket  gutter  around  the  provost  guard  barracks  as  an  eave  drcdn,  and  doing 
the  necessary  grading  in  connection  with  same. — This  work  consisted  of  350  cubic  yards 
of  excavation,  946  "linear  feet  of  basket  gutter  constructed,  790  linear  feet  of  concrete 
gutter  for  roof  drip,  at  a  total  cost  of  $1,382.47. 

Construction  of  25-foot  section  of  retaining  toall  on  above  road. — This  work  consist  ed_  of 
50  linear  feet  of  concrete  gutter,  1  catch  basin,  and  120  linear  feet  of  10-inch  drain. 
Total  cost  to  June  30,  1916,  $220.63. 

COROZAL  PISTRICT. 

Construction  of  roads  and  installation  of  water  and  seuer  mains  for  Ambulance  and 
Signal  Corps. — This  work  consisted  of  1,236  cubic  yards  of  excavation,  236  cubic 
yards  of  back  fill,  850  Unear  feet  of  curb  and  gutter, '793  linear  feet  of  basket  gutter, 
4  catch  basins  with  necessary  covers,  86  linear  feet  of  8-inch  vitrified  pipe,  633  linear 
feet  of  12-inch  vitrified  pipe,  7  manholes  constructed  and  necessar>^  covers  placed, 
and  3,750  square  yards  of  macadam  road  constructed.     Total  cost,  $9,907.34. 

Construction  of  roads  aiid  installation  of  water  and  seicer  mains  for  Cavalry  stables. — 
This  work  consisted  of  2,730  cubic  yards  of  excavation,  337  cubic  yards  of  back  fill, 
7  manholes  constructed  and  necessaiy  covers  placed,  7  catch  basins  constructed,  2  fire 
hydrants  installed,  1,713  square  yards  gi-aded,  154  Unear  feet  of  6-inch  A-itrified  sewer 
pipe  laid,  160  linear  feet  of  8-inch  \dtrified  sewer  pipe  laid,  229  linear  feet  of  10-inch 
vitrified  sewer  pipe  laid,  822  Unear  feet  of  12-inch  vitrified  sewer  pipe  laid,  606  Unear 
feet  of  4-inch  cast-iron  pipe  laid,  634  linear  feet  of  8-inch  cast-iron  pipe  laid,  15,462 
square  yards  of  roadbed  subgraded,  1,558  Unear  feet  of  curb  and  gutter  constructed, 
698  Unear  feet  of  basket  gutter  constructed,  128  square  yards  of  concrete  pavement 
placed,  74  Unear  feet  of  road  culvert  constructed,  724  linear  feet  of  earth  ditch  graded, 
15,462  square  yards  of  macadam  placed,  rolled,  and  oiled.     Total  co.st,  $12,785.28. 

Construction  of  roads  and  iruftallation  of  vmter  and  sevjer  mains  for  Artilleri/  stables. — 
This  work  consisted  of  552  cubic  yards  of  excavation.  364  cubic  yards  of  back  fill,  3,909 
cubic  yards  of  excavation  for  road,  1,111  square  yards  of  roadbed  rolled,  228  linear  feet 
of  G-inch  sewer  pipe  laid,  675  linear  feet  of  8-inch  sewer  pipe  laid,  472  linear  feet  of 
10-inch  sewer  pipe  laid,  823  Unear  feet  of  12-inch  eewer  pipe  laid,  2  fire  hydrants 
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installed,  two  2.\-iiuh  fire  plugs  installed,  10,383  square  yards  of  roadbed  graded 
bm  hueiir  feet  of  4-inch  cast-iron  pipe  laid,  (j35  linear  feft  of  8-iiich  cast-iron  pipe  laid' 
930  linear  feet  of  curb  and  gutter  constructed,  442  square  yards  of  concrete  i)avement 
laid,  10,383  square  yards  of  macadam  road  placed,  rolled,  and  oiled     Total  cost 

$13,Of)0.12.  r  ,  ,  vx.       ±yji,<ii    cubt, 

Under  the  combined  authority  for  grading  and  filling  for  the  Artillery  and  Cavalry 
etaldes  the  follomug  work  was  done:  Made  3,802  cubic  yards  of  excavation  and  283 
cubic  yards  of  fill  and  leveled  and  drained  8,200  square  yards  of  area     Total  c-ost 

$7,329.94.  '  I  J  V    .       xwiai  y.yjsi, 

Construction  of  road  from  Artillery  stables  to  incinerator  .—Thia  work  consisted  of  210 
cubic  yards  of  excavation,  770  linear  feet  of  earth  ditch,  207  square  yards  of  Telford 
placed,  and  540  square  yards  of  macadam  placed,  rolled,  and  oiled.  This  work  is 
40  per  cent  completed. 

Construction  of  road  from  Artillery  stables  to  Ordnance  storehouse,  with  water  and  sewer 
connections  for  storehouse.— Thia  work  consisted  of  4C8  cubic  yards  of  excavation  400 
cubic  yards  of  fill,  327  cubic  yards  of  back  fill,  500  linear  feet  of  6-inch  vitrified  pipe 
laid,  24  linear  feet  of  6-inch  cast-iron  pipe  laid,  890  Linear  feet  of  8-inch  cast-iron  pipe 
laid,  700  linear  feet  of  1-inch  galvanized-iron  pipe,  1  fire  hvdrant  placed,  2  manholes 
constructed  with  necessary  covers,  2  catch  basins  constructed,  and  297  square  yards 
of  macadam  road  constructed  and  oiled. 

*  BALBOA   DISTRICT. 

Work  was  completed  during  the  fiscal  year  under  the  authority  for  the  installation 
of  water,  sewers,  streets,  service  roads,  clearing,  and  grading  at  Coast  Artillery  Fort 
Grant  District,  chargeable  to  the  $700,000  appropriation,  and  diu-ing  the  fiscal  vear 
the  following  work  was  performed  under  thia  authority: 

One  thousand  six  hundred  and  seventy-five  cubic  yards  of  excavation,  218  cubic 
yards  of  back  fill,  8,194  square  yards  of  grading  for  parade  groimds,  1,243  linear  feet 
of  curb  and  gutter,  177  linear  feet  of  10-inch  vitrified  sewer  pipe  laid,  790  square  yards 
of  macadam  road  constructed,  647  square  yards  of  asphalt  walk  laid,  61  square  yards 
of  concrete  walk  laid,  133  square  yards  of  gravel  walk  laid. 

Work  was  also  completed  for  the  Coast  Artillery  Fort  Grant  District  on  the  authority 
chargeable  to  the  $1,290,000  appropriation  by  Congress  during  the  fiscal  year,  and 
the  following  work  was  done  on  this  authority: 

Four  thousand  three  hundred  and  ninety-six  cubic  yards  of  excavation,  631  cubic 
yards  of  back  fill,  8,710  cubic  yards  of  fill,  1,307  linear  feet  of  roadway  graded,  9  412 
square  yards  of  No.  1  rock  placed,  12,238  square  yards  of  No.  2  rock  placed,  15,012 
square  yards  of  screenings  placed,  6,900  linear  feet  of  ciub  and  gutter  constructed, 
b  manholes  built  with  necessary  covers,  8  catch  basins  constructed,  256  linear  feet 
of  8-inch  vitnfied  pipe  laid,  954  linear  feet  of  6-inch  vitrified  pipe  laid,  946  linear  feet 
of  8-inch  cast-iron  water  pipe  laid,  12  linear  feet  of  6-inch  cast-iron  pipe  laid,  2  fire 
hydrants  installed,  11,745  square  yards  of  grading  for  lot  improvements,  264  square 
5^0 ^"^o^o^  gravel  sidewalk  constructed,  551  square  yards  of  concrete  pavement  laid, 
42,583  square  yards  of  road  oiled,  1,641  square  yards  of  grading  in  front  of  barracks 
for  concrete  walk  made,  923  square  yards  of  concrete  pavement  laid,  16  catch  basins 
for  down  Bpouts  constructed,  and  450  linear  feet  of  3-inch  pipe  and  down  spouts  laid. 

hradtngfor  bmldmg  sites.— This  work  consisted  of  5,050  square  yards  and  900  cubic 
yards  of  excavation  and  fill. 

Installation  of  water  and  sewer  storehouse,  Fort  Amador.— This  work  consisted  of  170 
cubic  yards  of  excavation  and  back  fill,  256  linear  feet  of  8-inch  vitrified  pipe  laid, 
218  linear  feet  of  6-inch  cast-iron  pipe  laid,  2  manholes  constructed  with  necessary 
covere,  2  fire  hydrants  installed.     Total  cost.  $298.46. 

This  completed  the  Army  construction  work  in  the  Southern  District  for  the  year. 


HEALTH   DEPARTMENT. 


Under  authority  for  expenditure  the  following  construction  work  was  performed 
for  the  health  department: 

Extension  of  road^  to  medical  storehouse,  Ancon .—This  work  consisted  of  9  cubic  yards 
of  excavation,  50  linear  feet  of  curb  and  gutter  removed,  67  linear  feet  of  curb  and 
gutter  replaced,  10  linear  feet  of  10-inch  vitrified  pipe  laid,  1  catch  basin  installed, 
58  square  yards  of  Telford  laid,  and  58  square  yards  of  asphaltic  concrete  placed. 
Total  cost,  $189.69.  -l  ^  t-  f 

Construction  of  road  and  sidevjalks,  new  crematory,  Ancon  Hospital  grounds  .—Thin 
work  consisted  of  30  cubic  yards  of  excavation,  725  square  yards  of  grading,  225  linear 
feet  of  ciu-b  and  gutt^jr  constructed,  14  linear  feet  of  retaining  wall  fill,  1  catch  basin 
installed,  40  square  yards  of  concrete  pavement  laid,  176  square  vards  of  asphaltic 
concrete  placed  on  macadam  base.     Total,  $708.31. 


108  THE    PANAMA    CAXAL. 

Co7istrnction  of  road  on  southerly  end  ofiuiv  hospital  building  group. — This  work  con- 
dsted  of  480  cubic  yards  of  excavation  and  back  fill,  500  square  yards  of  grading, 
1,154  linear  feet  of  curb  and  gutter  constructed,  7  catch  basins,  38  linear  feet  of  10- 
inch  vitrified  pipe  laid,  170  linear  feet  of  concrete  basket  gutter  constructed,  471 
equare  yards  of  asphaltic  concrete  placed  on  macadam  base,  and  534  square  yards  of 
macadam  road  constructed.    Total  cost,  $3,496.16. 

Extension  of  Palo  Seco  sewer  system  to  low  tide. — This  work  consisted  of  20  cubic 
yards  of  excavation,  1,050  linear  feet  of  8-inch  wrought-iron  pipe  placed  on  piers  laid, 
total  cost  $790,  and  the  purchase  and  installation  of  a  motor-driAen  deep-well  pump 
for  Palo  Seco.     Total  cost,  $2,205.78. 

Construction  of  concrete  sidewalks  to  Balboa  quarantine  station. — This  work  consisted 
of  208  cubic  yards  of  excavation,  1,059  square  yards  of  subgrade  rolled  and  tamped, 
and  1,059  square  yards  of  concrete  pavement  placed.     Total  cost,  $1,571.49. 

Lowering  of  culvert  under  railroad  track,  Mirajlores  Locks,  for  drainage  of  Corozal 
Farm.— Hhis  work  consisted  of  1,227  cubic  yards  of  excavation,  1,227  cubic  yards  of 
back  fill,  254  linear  feet  of  24-inch  dredge  pipe  laid,  1,620  feet  of  three-quarter  inch 
reinforcing  steel  used,  and  95  cubic  yards  of  concrete  placed.     Total  cost,  $1,262.46. 

Clearing  of  growth  in  rear  of  Red  Tank  Encampment. — This  work  consisted  of  13,888 
square  yards  cleared.     Cost,  $93.26. 

Draining  of  pond  in  rear  of  Paraiso  Corral. — This  work  consisted  of  345  cubic  yards 
of  excavation,  245  cubic  yards  of  back  fill,  150  square  yards  of  grading,  290  linear 
feet  of  concrete  ditch  constructed,  420  linear  feet  of  24-inch  dredge  pipe  for  forma 
used,  and  27  cubic  yards  of  concrete  placed.    Total  cost,  $1,768.84. 

Draining  of  prmdin  vicinity  of  railroad  station,  Paraiso. — This  work  consisted  of  810 
cubic  yards  of  excavation,  800  cubic  yards  of  back  fill,  390  linear  feet  of  30-inch  cast- 
iron  pipe  laid,  7  cubic  yards  of  concrete  placed,  1  manhole  constructed,  and  trestle 
driven  for  supporting  the  railroad  tracks  while  drain  was  being  laid.  Total  cost, 
$2,705.67. 

Grading  and  straightening  of  ditches  in  Mirajlores  District. — This  work  consisted  of 
1,290  cubic  yards  of  excavation,  1,360  linear  feet  of  ditches  realigned  and  cleaned. 
Total  cost,  $1,036.96. 

Filling  of  pond  in  Paraiso  District. — This  work  consisted  of  150  cubic  yards  of  ex- 
cavation and  150  cubic  yards  of  back  fill.     Total  cost,  $169.81. 

Construction  of  road,  sidewalk,  and  fence,  Corozal  Cemetery. — This  work  consisted  of 
554  cubic  yards  of  excavation,  2,818  square  yards  of  grading,  (J42  square  yards  of 
macadam  road  built,  1  culvert  constructed,  125  concrete  posts  made  and  placed,  and 
1,466  linear  feet  of  fence  built.    Total  cost,  $2,113.77. 

Oiling  and  sanding  of  roads  in  insane  asylum  grounds. — Tliis  work  consisted  of  3,855 
square  yards  of  road  oiled  and  sanded.     Cost,  $126.87. 

Grading  and  filling  in  arm  of  Pedro  Miguel  Lake  in  vicinity  of  quartermasters'  stables. — 
This  work  consisted  of  200  cubic  yards  of  excavation,  200  cubic  yards  of  back  fill. 
Total  cost,  $124.38. 

Cleaning  and  grading  around  edge  of  Pedro  Miguel  Lake.— Tins  work  consisted  in 
the  removal  of  trees  and  other  refuse.     Cost,  $104.45. 

Construction  of  sanitary  drains  at  Red  Tank  Encampment  .—This  work  consisted  of 
2,698  hnear  feet  of  concrete  basket  gutter  constructed,  503  cubic  yards  of  excavation, 
2,200  square  yards  of  grading,  20  linear  feet  of  24-inch  pipe  laid,  and  714  linear  feet 
of  8-inch  and  10-inch  tile  drain  laid.     Total  cost,  $2,352.53. 

Filling  and  grading  of  ditches,  native  town  of  Paraiso.— This  work  consisted  of  2,000 
linear  feet  of  ditches  back  filled,  500  linear  feet  of  new  ditches  constructed.  Total 
cost,  $331.04.  ^,  .  ,  .       n      .  „r« 

Construction  of  drainage  ditches,  Santa  Cruz  district.— This  work  consisted  of  252 
linear  feet  of  concrete  ditches  constructed,  54  cubic  yards  of  rubble  masonry  wall 
built,  9  cubic  yards  of  concrete  wall  built,  90  cubic  yards  of  excavation,  64  cubic 
yards  of  back  fill,  45  cubic  yards  of  stone  placed  in  rubble  ditch,  321  square  yards 
of  gi-ading,  and  1  culvert  with  necessary  head  wall  constructed.     Total  cost,  $883.32 

Concrete  drains  in  vicinity  of  Ancon  corral.— This  work  consisted  of  6  cubic  yards  of 
excavation,  119  square  yards  of  grading,  and  60  linear  feet  of  10-inch  drain  installed. 
Total  cost,  $117.70.  ,  •       ,     r  ca 

Construction  of  concrete  drain  south  of  Ancon  corral.— This  work  consisted  ot  50 
cubic  yards  of  excavation,  200  square  yards  of  grading,  and  378  hnear  feet  of  basket 
gutter  con.structed.     Total  cost,  $201.23.  .       ,     ,  „^  ,. 

■Repairs  to  drain  in  vicinity  of  Ancon  fire  slation.—This  work  consisted  ol  80  linear 
feet  of  grout  drain  placed.     Cost,  $13.39. 

Construction  of  concrete  drain  around  houses  located  on  flat  at  I  edro  Miguel.— iins 
work  consisted  of  1,870  linear  feet  of  concrete  gutter  constructed,  302  cubic  yards  of 
excavation,  and  1 ,680  square  yards  of  fill  placed  under  houses.    Total  cost,  $1,860. 
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Tlie  mainteuauce  work  done  for  the  sanitary  department  on  their  request  is  included 
under  "General  Maintenance  Work  for  the  C'anal  Zone,"  the  above  being  only  the 
more  important  items  of  construction  requested  by  them  in  the  Southern  District 
during  the  year. 

MARINE    DIVISION. 

Construction  of  macadam  road  at  pilot's  quarters  in  the  vicinity  of  quarantine  station, 
Balboa. — This  work  consisted  of  800  cubic  yards  of  excavation,  845  cubic  yards  of 
fill,  1,617  sqiiare  yards  of  grading,  190  linear  feet  of  fence  constructed,  1,300  square 
vards  of  road  macadamized,  oiled,  and  sanded,  and  100  linear  feet  of  curb  and  cutter 
placed.    Total  cost,  $2,346.85.  ^ 

Installation  of  fire  protection  for  pilots  at  Balboa. — This  work  consisted  of  75  cubic 
yards  of  excavation,  75  cubic  yards  of  back  fill,  300  linear  feet  of  6-inch  cast-iron  pipe 
laid,  and  1  fire  hydrant  installed.     Total  cost,  $302.02. 

MECHANICAL   DIVI.SION   AND   TERMINAL   CONSTRUCTION. 

These  two  divisions  were  combined  with  a  view  to  a  large  proportion  of  the  outside 
work_  for  terminal  construction  division  being  turned  over  to  the  mechanical  divi- 
sion for  the  purpose  of  issuing  work  requests  on  other  divisions. 

Construction  of  drain  from  oil  tank  farm  to  the  ocean. — This  work  consisted  of  380 
cubic  yards  of  excavation,  330  cubic  yards  of  back  fill,  164  linear  feet  of  12-inch 
\dtrified  pipe  laid,  and  6  cubic  yards  of  concrete  for  head  walls.     Total  cost,  $971.41. 

Installation  of  fire  wall  around  United  States  oil  tanh  No.  5. — This  work  consisted 
of  400  cubic  yards  of  excavation,  4,111  cubic  yards  of  fill,  50  lineal  feet  of  rubble 
masonry,  consisting  of  28  cubic  yards  of  material  erected,  and  30  cubic  yards  of  sand 
cushion  placed  and  oiled.    Total  cost,  $2,453.96. 

Construction  of  gravel  walls  across  tanh  farm,  with  necessary  grading. — Tlus  work 
consisted  of  8,800  square  yards  of  gravel  walk  placed.     Total  cost,  $985.84. 

Locating  of  path  and  the  installation  of  drain  to  lots  Nos.  IS  and  14,  tank  farm. — 
This  work  consisted  of  35  cubic  yards  of  excavation,  25  linear  feet  of  15-inch  vitrified 
pipe  placed,  and  57  square  yards  of  gi-avel  path  built.     Total  cost,  $98.03. 

Drainage  ditches  from  private  company's  oil  lots,  Balboa. — This  work  consisted  of 
243  cubic  yards  of  excavation.  243  cubic  yards  of  back  fill,  283  linear  feet  of  10-inch 
vitrified  pipe  laid,  494  linear  feet  of  15-inch  vitrified  pipe  laid,  and  5  manholes  con- 
structed.    Total  cost,  $813.05. 

Manufacture  of  necessary  concrete  posts,  and  the  erection  of  wire  fence  around  the  tanh 
farm,  Balboa.— Tlus  work  consisted  of  247  concrete  posts  made  and  placed,  80  cubic 
yards  of  excavation  made,  5,000  linear  feet  of  fence  erected.     Total  cost,  $611.68. 

Erection  of  fire  tvall  around  tank  No.  36,  Balboa. — This  work  consisted  of  928  cubic 
yards  of  excavation,  1,255  cubic  yards  of  fill  made,  1  catch  basin  installed,  40  linear 
feet  of  8-inch  galvanized-iron  pipe  laid.     Total  cost,  $484.25. 

Construction  of  fire  wall  around  gasoline  tank  No.  31,  Balboa. — Tliis  work  consisted 
of  400  cubic  yards  of  excavation,  700  cubic  yards  of  fill,  and  60  linear  feet  of  6-inch 
vitrified  pipe.     Total  cost,  $396.41. 

Erection  of  barbed  wire  fence  around  gasoline  tank  No.  31  and  grading  of  ground. — 
Tliis  work  consisted  of  360  square  yards  graded,  and  628  linear  feet  of  fence  erected, 
and  the  necessary  concrete  posts  manufactiu-ed  for  .same.     Total  cost,  $292.54. 

Cutting  of  grass  and  undergrowth  on  tank  farm,  Balboa. — This  work  consisted  of  clear- 
ing and  biirning  over  28  acres.     Cost,  $616.97. 

Installation  of  ivater  pipes  in  shops'  tunnel. — This  work  consisted  of  1,500  linear 
feet  of  4-incli  galvanized-iron  pipe,  with  the  necessary  fittings,  laid.  Total  cost, 
$487.51. 

Installation  of  pipe  aiui  necessary  fittings  in  the  vicinity  of  the  oil-handling  plant, 
Balboa.— Tins  work  consisted  of  2,100  linear  feet  of  6-inch  galvanized  iron  pipe  laid, 
with  the  neces.sary  fittings.     Cost,  $504.58. 

Installation  of  10- inch  oil  line  to  oil  crib  No.  i.— Tliis  work  consisted  of  1,225  linear 
feet  of  10-inch  extra  heavy  pipe  laid,  with  necessary  fittings.     Cost,  $3,438.23. 
_  Construction  of  gasoline  oil  line  from  storage  tank  No.  31  to  oil  m6.— This  work  con- 
sisted of  1,200  linear  feet  of  4-inch  extra-heavy  pipe,  with  necessary  fittings.     Cost, 

Lowering  and  back  filling  of  the  Balboa-Paraiso  oil  line.— This  work  consisted  of 
3,000  linear  feet  of  pipe  lowered  and  back  filled.     Cost,  $1,993.52. 

Extension  of  oil  line  to  Old  Panama- Railroad  Dock,  Balboa. — Tliis  work  consisted  of 
1,180  linear  feet  of  10-inch  extra-heavy  galvanized  pipe  laid  across  the  arm  of  the  bay 
to  the  dock,  1,000  feet  of  S-inch  extra-heavy  pipe  laid  as  a  header  under  the  steel 
decking  of  the  dock,  with  8  connections  for  oiling  ships  made,  each  of  these  connec- 
tions nece.ssitating  reducers  for  6-inch  oil  hose,  and  the  in.-^tallation  of  8-inch  extra- 
heavy  valves  with  special  opening  device.     Total  cost,  $4,023.04. 
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Grading  around  and  placing  of  paths  at  the  oil-handling  plant,  Balboa. — This  work 
consisted  of  4,594  square  yards  of  grading  done,  and  gi'ound  covered  with  gravel  and 
screenings.     Total  cost,  $870.28. 

Installation  of  air  line  for  rmloader  and  reloader  tvharves,  Balboa. — This  work  con- 
sisted of  the  laying  of  1,725  linear  feet  of  4-inch  galvanized  iron  pipe,  with  necessary 
outlets  for  hose  connections.     Cost,  §!780.01. 

Installation  of  pipe  in  openings  of  Dry  Dock  No.  1,  Balboa.— This  work  consisted 
of  miscellaneous  sizes  of  pipe,  and  was  all  special  work,  the  pipe  being  incased  in 
the  concrete  of  the  dry  dock  walls.     Total  cost,  $2,720.83. 

Installation  of  water  pipe  from  bidldiiig  No.  29  along  the  south  side  of  Dry  Dock  No. 
1,  and  around  the  head  and  (ilong  the  north  side  as  far  as  station  13  plus  99,  including 
outlets  in  the  dry  docls. — This  work  consisted  of  230  cubic  yards  of  excavation,  230  cubic 


linear  feet  of  8-inch  extra-heavy  pipe  laid,  24  linear  feet  of  2-inch  pipe  laid  for  fire 
plugs.  Total  cost,  $1,453.85.  The  material  for  this  work  was  furnished  by  the  ter- 
minal division,  and  not  included  in  the  cost  of  the  work  as  shown. 

Installation  of  S-inch  water  main,  ivith  2h-inch  branch  lines,  for  Docls  Nos.  13,  14, 
15,  and  16. — This  work  consisted  of  18  cubic  yards  of  excavation,  18  cubic  yards  of 
back  fill,  544  linear  feet  of  3-iuch  galvanized-iVon  pipe  laid,  360  linear  feet  of  4-inch 
galvanized-iron  pipe  laid,  2,484  linear  feet  of  8-inch  galvanized-iron  pipe  laid,  30 
pipe  hangers  made  and  installed,  five  8-inch  water  meters  placed  with  necessary 
covers,  and  six  3-way  fire  hydrants  installed.     Total  cost,  $7,072.39.^ 

Construction  ofxcciter  lines  for  coal-handling  plant. — This  work  consisted  of  300  cubic 
yards  of  excavation,  300  cubic  yards  of  backfill,  3,485  linear  feet  of  6-inch  cast-iron 
pipe  laid,  1,100  linear  feet  of  4-inch  galvanized-iron  pipe  laid,  1,000  linear  feet  of 
3-inch  galvanized-iron  pipe  laid,  475  linear  feet  of  2i-inch  and  2-inch  galvanized-iron 
iron  pipe  laid,  thirteen  2-inch  fire  plugs  installed,  two  4-inch  meters  placed,  and  four 
3-inch  meters  placed.     Total  cost,  $2,740. 

Grading  around  Balboa  shops  buildings. — Ten  square  yards  graded.  This  work  is 
75  per  cent  completed. 

Asphaltic  concrete  placed  on  approach  to  Pier  No.  18. — This  work  consisted  of  184 
square  yards  of  asphaltic  concrete  laid.     Cost,  $170.64. 

Water  line  in  vicinity  of  dredge  ditch  at  fuel-oil  handling  plant  reclaimed  and  relaid. — 
This  work  consisted  of  375  cubic  yards  of  excavation,  375  cubic  yards  of  back  fill, 
and  1,500  linear  feet  of  6-inch  cast-iron  pipe  taken  up.  and  relaid.     Total  cost,  $541.55. 

MISCELLAXEOUS. 

The  following  is  a  list  of  miscellaneous  work  requests  placed  on  the  municipal 
division  by  the  various  divisions  of  The  Panama  Canal  in  the  Southern  District: 

Installation  of  10,000-gallon  gasoline  tank  for  motor-car  house,  Balboa. — This  work 
consisted  of  96  cubic  yards  of  excavation,  15  cubic  yards  of  concrete  placed,  120 
linear  feet  of  three-fouVths-inch  galvanized-iron  pipe  laid,  140  linear  feet  of  1-inch 
galvanized-iron  pipe  laid,  160  linear  feet  of  2-inch  galvanized-iron  pipe  laid,  and  the 
installation  of  2  Bowser  pumps  for  the  handling  of  the  gasoline.     Total  cost,  $571.14. 

Construction  of  road  from  material  yard  to  substore  No.  6,  Balboa. — This  work  coh- 
Bisted  of  549  cubic  yards  of  excavation,  1,609  square  yards  of  Telford  placed,  1,467 
square  yards  of  asphaltic  concrete  laid,  142  square  vards  of  concrete  pavement  placed, 
and  30  feet  of  10-inch  cast-iron  pipe  for  drain.     Total  cost,  $3,504.58. 

Installation  of  fire  protection  for  material  yard  at  substore  No.  6.  Balboa.  This  work 
consisted  of  118  ciibic  yards  of  excavation,  118  cubic  yards  of  back  fill,  132  feet  of 
6-inch  cast-iron  pipe  laid,  660  feet  of  6-inch  galvanized-iron  pipe  laid,  and  3  fire 
hydrants  installed.     Total  cost,  $480.76. 

' E.vcavalion  for  swimming  pool,  Balboa. — This  work  consisted  of  3,740  cubic  yards  of 
excavation  costing  $1,414.67,  sewer  connection  for  swimming  pool,  38  cubic  yards  of 
excavation,  38  cubic  yards  of  back  fill,  120  feet  of  10-inch  cast-iron  pipe,  92  feet  of 
6-inch  vitrified  pipe,  costing  $261.87. 

Construction  of  macadam  road  from  quarantine  station  to  yacht  club. — This  work  con- 
sisted of  200  cubic  yards  of  excavation,  800  square  yards  of  macadam  road  constructed, 
oiled,  and  sanded.     Total  cost,  $539.82. 

Construction  of  walk  and  handrail  on  retaining  walls,  Miraflores  Locks  spiUiray. — 
This  work  consisted  of  ISO  cubic  yards  of  excavation,  533  sejuare  yards  of  gravel  path 
laid,  and  300  linear  feet  of  handrail  built.     Total,  cost  $208.80. 

Installation  for  Panama  Railroad  of  8 -inch  cast-ircm  water  line  from  salt-7rater  pumping 
station  to  the  ice  plant,  Balboa. — This  work  consisted  of  289  cubic  yards  of  excavation, 
289  cubic  yards  of  back  fill,  1,527  Unear  feet  of  8-inch  cast-iron  pipe  with  necessary 
fittings.     Total  cost,  $2,274.68. 
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InstaUalion  of  6-inch  vater  line  from  sali-ivater  pumping  station   to  svnmmiag  poof, 
Balboa. — This  work  conaisted  of  310  cubic  yards  of  excavation,  310  cubic  yards  of 
back  fill,  and  2,135  linear  feet  of  6-iuch  cast-iron  pipe  with  necessarv  fittings  laid 
Total  cost,  $2,033.85. 

Construction  of  a  concrete  flume  from  the  Bio  Grande  diversion  to  the  canal. — Tliis  work 
consisted  of  3,703  cubic  yards  of  excavation,  2,500  cubic  yards  of  back  fill  against 
Bide  walls,  and  545  cubic  yards  of  concrete  placed.  There  were  used  100  tons  of  old 
Bteel  rails,  and  20,376  pounds  of  reinforcing  steel.     Total  cost,  $11,222.59. 

Grading  and  co7istructing  concrete  drains  at  Dari^n  Radio  Station. — This  work  con- 
sisted of  1,571  linear  feet  of  concrete  ditch  constructed,  and  the  necessary  gi-ading 
done.     Total  cost,  $774.99. 

Reclamation  of  10-inch  extra-heavy  torought-iron  pipe  for  building  division. — This  work 
consisted  of  7,335  linear  feet  of  10-inch  extra-heavy  wrought-iron  pipe  reclaimed, 
and  1,300  linear  feet  of  SJ-inch  by  4-inch  galvanized  pipe  relaid.    Total  cost,  $2,750.85. 

Construction  oj  tennis  court  Jor  private  party. — The  necessary  grading  was  done,  and 
700  square  yards  of  concrete,  IJ-inch  thick,  was  placed,  at  a  cost  of  $208.31. 

STRAIGHT   MUNICIPAL   COXSTRUCTIOK    WORK. 

Under  the  head  of  "Straight  Municipal  Construction  Work"  the  following  was  per- 
formed in  the  Southern  District: 

Staking  out  and  completing  of  municipal  xiorkfor  the  Red  Tank  Camp. — This  work  con- 
sisted of  286  cubic  yards  of  excavation,  383  cubic  yards  of  back  fill,  884  linear  feet  of 
6-inch  vitrified  pipe  laid,  1,600  linear  feet  of  8-inch  \itrified  pipe  laid,  100  linear  feet 
of  IJ-inch  galvanized  pipe  laid,  and  300  linear  feet  of  2-inch  galvanized  pipe  laid. 
Total  cost,  $3,387.41. 

Installation  of  road  to  Balboa  shops  office  building. — This  work  consisted  of  1,497 
cubic  yards  of  excavation,  5,195  linear  feet  of  curb  and  gutter,  6,070  square  yards  of 
Telford  base  laid,  6,070  square  yards  of  asphaltic  concrete  placed,  130  linear  feet  of 
6-inch  -vitrified  pipe  laid,  and  490  linear  feet  of  8-inch  \itiified  pipe  laid.  Total  cost, 
$16,477.94. 

Construction  of  road  through  Balboa  shops  to  and  around  the  dry  dock. — This  work 
consisted  of  300  cubic  yards  of  excavation,  600  cubic  yards  of  fill,  13,000  square  yards 
of  macadam  base  placed,  13,000  square  yards  of  asphaltic  concrete  placed,  8  catch 
basins  installed,  and  2,100  linear  feet  of  curb  and  gutter  placed.  Total  cost,  $19,089.58 
to  date.     This  work  is  75  per  cent  complete. 

Completion  of  terminal  road  in  Ancon  District  through  "  Bishop's  Holloiv." — This  work 
consisted  of  300  cubic  yards  of  excavation,  180  cubic  yards  of  back  fill,  1,160  linear 
feet  of  curb  and  gutter  placed,  12  catch  basins  installed,  2,637  square  yards  of  Telford 
base  laid,  3,850  square  yards  of  asphaltic  concrete  placed,  30  cubic  yards  of  concrete 
pavement  laid,  198  linear  feet  of  6-inch  \'itrified  pipe  laid,  100  linear  feet  of  10-inch 
\itrified  pipe  laid,  25  linear  feet  of  6-inch  cast-iron  pipe  laid.    Total  cost,  $9,155.19. 

Construction  of  road  to  silver  market,  Ancon. — This  work  consisted  of  92  cubic  yards 
of  fill,  336  square  yards  of  macadam  road  constructed,  200  linear  feet  of  basket  gutter 
constructed.     Total  cost,  $687.35. 

Construction  of  road  in  vicinity  of  old  Administration  Building,  Ancon. — ^This  work 
consisted  of  45  cubic  yards  of  excavation,  21  linear  feet  of  basket  gutter  constructed, 
89  linear  feet  of  6-inch  nitrified  pij>e  laid.  22  linear  feet  of  8-inch  galvanized  pipe  laid, 
28  linear  feet  of  10-inch  cast-iron  pipe  laid,  and  253  square  yards  of  macadam  road 
constructed.     Total  cost,  $307.05. 

Reconstructing  road  to  Tivoli  Hotel  kitchen. — This  work  consisted  of  830  square  yards 
of  macadam  placed,  rolled,  oiled,  and  sanded.     Cost,  $347.11. 

Construction  of  approach  to  garage  in  viciyiity  of  quariermaste)-'s  storehouse,  Balboa. — 
This  work  consisted  of  187  cubic  yards  of  fill,  240  square  yai'ds  of  Telford  placed,  240 
square  vards  asphaltic  concrete  pavement  laid,  55  linear  feet  curb  and  gutter  placed. 
Total  cost,  $468.62. 

Construction  of  road  to  garage  in  vicinity  of  Cemetery  Ridge. — ^This  work  consisted  of 
185  cubic  yards  of  fill,  274  square  yards  of  macadam  base  placed,  278  square  yards  of 
asphaltic  concrete  laid.     Total  cost,  $477.51. 

Construction  of  road  i?i  rear  oJ  neir  ice  plant,  Balboa. — This  work  consisted  of  105 
cubic  yards  of  excavation,  436  square  yards  graded,  486  square  yards  of  Telford  base 
laid,  564  square  yards  of  asphaltic  concrete  placed,  and  281  linear  feet  of  curb  and 
gutter  constructed.     Total  cost,  $1,037.48. 

Construction  of  asphaltic  concrete  road  in  vicinity  of  Tivoli  Hotel. — This  work  con- 
sisted of  430  cubic  yards  of  excavation,  3,782  linear  feet  of  curb  and  gutter  constructed, 
3,600  square  yards  of  Telford  base  laid,  3,600  square  yards  of  asphaltic  concrete  placed, 
280  square  yards  of  grading  on  side  of  road,  955  linear  feet  of  retaining  wall  built,  1.3 
catch  basins  installed,  and  17  concrete  platforms  laid  to  house  steps.  Total  cast, 
$1,322.43. 
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Extension  of  sewer  outfall,  Corozal. — This  work  consisted  of  241  cubic  yards  of  exca- 
vation, 224  cubic  yards  of  back  fill,  600  linear  feet  of  12-inch  vitrified  pipe  laid,  and 
4  manholes  constructed,  with  necessary  covers.     Total  cost,  $2,047.23. 

Installation  of  sewer  lines  at  silver  quarters,  Paraiso. — This  work  consisted  of  67 
cubic  yards  of  excavation,  67  cubic  yards  of  back  fill,  and  300  linear  feet  of  6-inch 
vitrified  pipe  laid.     Total  cost,  $188.25. 

InstaUation  of  rock  crusher,  with  necessary  equipment,  at  Gamboa. — This  work  con- 
sisted of  259  cubic  yards  of  excavation,  52  cubic  yards  of  concrete  placed,  and  material 
for  bins  and  the  necessary  equipment  for  the  plant  installed.    Total  cost,  $12,407.98. 

Construction  of  Empire-Gamboa  road. — This  work  consisted  of  14,629  cubic  yards  of 
excavation,  4,811  square  yards  of  Telford  base  placed,  11,643  squai-e  yards  of  Telford 
base  covered  with  4  inches  of  No.  2  rock  and  screenings,  2,000  lineal  feet  of  ditches 
constructed,  300  linear  feet  of  18-inch  concrete  pipe  laid,  131  linear  feet  of  _24-inch 
pipe  laid,  6  acres  of  right  of  way  cleared,  90  cubic  yards  of  concrete  placed  in  head 
walls  of  culverts,  and  one  bridge  of  two  25-foot  spans  constructed.  This  work  is  75 
per  cent  completed . 

On  the  first  of  May,  due  to  the  abolishing  of  the  terminal  construction  division,  a 
blanket  authority  was  issued  on  the  municipal  division  to  complete  certain  portions 
of  work  then  under  way.  The  cost  of  the  work  on  this  request  completed  prior  to 
June  30  amounted  to  approximately  $60,000,  it  consisting  of  the  manufacture  and  the 
placing  of  vertical  and  horizontal  fender  piles  along  the  dock,  riprapping  surfaces  in 
the  rear  of  the  reloader  wharf,  and  Piers  Nos.  17  and  19,  the  placing  of  tie  rods  on  the 
caissons  in  Pier  No.  18  and  the  reloader  wharf,  the  laying  of  approximately  2,000 
square  yards  of  brick  pavement  on  Pier  No.  18,  the  placing  of  foundations  for  the 
berm  crane  runway,  the  erecting  of  retaining  walls  for  one  of  the  coal  bunkers  and  the 
grouting  of  same,  the  surfacing  with  asphalt  of  the  4  pontoon  barges  used  as  landing 
platforms  for  the  small  craft  in  the  harbor,  and  a  number  of  minor  jobs  that  were  prac- 
tically complete  when  the  division  was  abolished. 

During  the  year  construction  work  was  continued  on  the  old  townsite  of  Balboa, 
and  the  "following  work  was  done: 

Excavation cubic  yards. .  80, 498 

Telford  base square  yards. .  18,  548 

Asphalt  concrete  (streets) do 18,  321 

Gutter linear  feet. .  7,  754 

Miscellaneous  concrete  (steps,  etc.) cubic  yards. .  694 

Sewer  pipe  laid : 

6-inch linear  feet..  1,  771 

8-inch do ... .  1, 408 

10-inch do 420 

12-inch do 805 

15-inch do 63 

Total do 4, 567 

Ditches do. ...  3,  266 

Gravel  walk do ... .  2,  649 

Asphalt  concrete  walks do 9,  643 

Manholes  built only. .  30 

Water  pipe  laid: 

4-inch linear  feet. .  35 

6-inch do 60 

95 

Grading square  yards. .     75,912 

Grounds  planted  (sodded) do 207, 423 

The  making  of  the  necessaiy  ser-sdce  for,  and  the  construction  of,  the  proposed  new 
townsite  extension,  Balboa,  was  started  during  the  year,  and  the  following  work  had 
been  done  to  June  30,  1916: 

Streets. 

Graded s(iuare  yards. .  24,  763 

Excavation do 12,  226 

Curb  and  gutter linear  feet. .  19,  445 

Fill  and  l^ack  fill cubic  yards. .  1, 254 

Forms  for  curb  and  gutter linear  feet. .  13,  230 

Asphaltic  concrete  i)laced sciuare  yards. .  13,  903 

( 'atch  basins  built only. .  24 

Retaining  wall linear  feet. .  433 

Total  cost,  $29,916.89. 
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Sdnllari/  and  storm  seicers. 

Excavation culuc  yards. .  10,  GG4 

^^'^'<"k  iill do 8,  700 

( "onrrete  ditches linear  feet,  1  l)y  2  feet. .  896 

Manholes  hnilt only. .  8 

(  oncrete  culvert linear  feet." '.  90 

Storm  sewer: 

4  by  4  feet do. . . .  22 

3  by  3  feet do. . . .  539 

Sewer  pipe  laid: 

6-i"*^ '^ do 2,  666 

8-inch do. . . .  4,  834 

lO-inch do ]  ^  046 

12-iiKh do 2,  040 

15-inch do 535 

18-inch do 66 

Concrete  pipe,  20-inch do  246 

Total  cost,  $13,723.43. 

Water  line. 

Excavation cnbic  yards. .  2,  555 

Backfill fdo....  351 

Hydrants  installed only. .  3 

Valve  boxes  built,  3  by  5  feet do 7 

Water  pipe  laid,  cast  iron: 

4-inch linear  feet. .  1, 874 

6-inch do 3, 878 

8-inch do 3, 470 

lO-mch do 540 

12-inch do 36 

Total  cost  to  date,  $10,203.91. 

Grading  and  planting. 

Excavation cubic  yards. .  4, 056 

Graded square  yards. .  17,  525 

Filled cubic  yards. .  16,  028 

Total  cost  to  date,  $18,853.01. 

The  total  work  in  connection  with  the  construction  of  the  new  townsite  of  Balboa, 
was  60  per  cent  comi)leted  on  June  30,  1916. 

MAINTENANCE. 

Under  the  head  of  "Maintenance"  the  following  municipal  work  was  done  in  the 
Southern  District: 

Las  Cascadas. 

Road  repaired square  yards. .  45,  291 

Road  ditches  cleaned linear  feet. .  17,  514 

Water  lines  cleared do 6, 480 

Sidewalks  built square  yards. .  304 

Sidewalks  repaired do 380 

( 'ast-iron  pipe,  6-inch,  removed linear  feet. .  3, 440 

Tile,  6-inch,  laid do 480 

Vitrified  sewer,  6-inch,  laid do 50 

Wrought  iron  pipe,  4-inch,  laid do 480 

Empire-C'ulebra. 

Road  repaired square  yards. .  9,  958 

Road  ditches  cleaned linear  feet. .  90,  320 

Sanitary  ditches  cleaned : do 62,  930 

Water  lines  cleared do 131,220 

Clearing  at  Rio  Grande  Reservoir square  yards. .  708, 190 

Clearing  at  Camacho  Reservoir do 194,  725 

Paraiso-Pedro  Miguel. 

Road  repaired square  yards. .  92,  608 

Road  ditches  cleaned linear  feet. .  77,  800 

Sanitary  ditches  cleaned do 15, 168 

New  dirt  ditches  built do 3,504 

Concrete  ditches  constructed do 6,  844 

Sanitary  ditches  filled  with  dirt do 7, 000 

Road  oiled square  yards. .  46, 304 
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Corozal. 

Road  repaii'ed square  yards. 

Road  oiled do. . . 

Road  ditches  cleaned linear  feet . 

Sanitary  ditches  cleaned do. . . 

Concrete  ditches  built do . . . 

Basket  gutter do. . . 

Sidewalk  repaired square  yards . 

Ancon-Balboa. 

Subdrain  tile  laid linear  feet. 

Concrete  drain  built do . . . 

Ditches  cleaned do.. . 

Road  repaired square  yards. 

Road  oiled do . . . 

Grading  done do . . . 

Water  sold  to  ships  in  Southern  District. 


29, 785 

14,080 

34, 722 

206,  703 

761 

3,182 

645 


6,  650 

19, 467 

125, 642 

147, 664 

49, 347 

30, 436 


Month. 


Number  of 
steamers. 


1915. 

July 

August 

September 

October 

November 

December 

191G. 

January 

February 

March. .'. 

April 

May 

June 

Total 


Gallons  of 
water. 


44 

1,086,900 

40 

799, 120 

56 

1,553,800 

172 

4,783,900 

80 

1,934,400 

53 

1,518,500 

M 

1,628,300 

78 

1,894,700 

72 

1,812,100 

64 

1,546,200 

42 

1,144,300 

45 

1,200,000 

20,902,220 


Operation  of  pumping  stations  in  Southern  District. 


Station. 


Average 
number  of 

gallons 

pumped  per 

mouth. 


During  the  period. 


Gamboa,  U.  S.  No.  1.... 
Mirallores,  U.  S.  No.  2... 

Ancon,  U.  S.  No.  3 

Paraiso 

Cucaraeha  (tanks) 

Cucaracha  (Moimt  Zion) 
Camacho 


267,080,000 
29,950,666 

194,561,236 
6,219,146 
6,480,684 
6.920,833 
4,515,181 


Julv  1,  1915,  to  Juue  30,  1916. 
"Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


panamjV  city. 

The  following  constitutes  a  summary  of  the  more  important  construction  work 
done  in  Panama  City  in  addition  to  the  regular  maintenance  work: 

The  construction  of  1,000  Linear  feet  of  macadam  road  from  East  Twenty-fifth  Street 
to  dump  No.  2,  consisting  of  1,650  square  yards  of  macadam  placed.     Cost,  $490.80. 

The  construction  of  concrete  ditches,  the  concreting  of  alleyways,  the  installation 
of  water  and  sewer  pipes,  and  the  construction  of  macadam  road  in  Santa  Cruz  district, 
consisting  of  425  cubic  yards  of  excavation,  280  cubic  yards  of  back  fill,  1,347  linear 
feet  of  curb  and  gutter,  432  linear  feet  of  6-inch  cast-iron  pipe,  2  catch  basins  installed, 
1,840  square  yards  of  grading,  1,200  square  yards  of  macadam  road  constructed,  and 
2  fii-e  hydrants  installed.     Total  cost,  $2,718.96. 

The  covering  of  Calidonia  Bridge  with  sheet  asphalt,  consisting  of  915  square  yards 
of  sheet  asphalt  laid.     Cost,  $549. 

The  sanitating  of  private  stables  on  Fourth  of  July  Avenue,  to  comply  with  regula- 
tions of  the  health  department,  consisting  of  20  linear  feet  of  15-incn  vitrified  pipe 
laid,  135  linear  feet  of  concrete  gutter  constructed,  138  square  yards  of  concrete  walk 
laid.  431  square  yards  of  concrete  floor  placed  in  stables,  25  tin-lined  feed  boxea 


REPORT    OF    ENGINEER   OF    MAINTENANCE. 


115 


built  and  installed,  and  137  old  feed  boxes  lined  with  sheet  galvanized  iron.    Total 
cost,  $(i8(i.09. 

U  pen  request  of  and  deposit  by  private  parties  the  street  between  I  and  J  Streets 
was  constructed,  consisting  of  800  cubic  yards  of  excavation,  334  linear  feet  of  G-inch 
Bewer  pipe  laid,  275  cubic  yards  of  back  fill,  1,098  linear  feet  of  curb  and  gutter  con- 
structed, 713  linear  feet  of  8-inch  sewer  pipe  laid,  5  manholes  constructed,  30  house 
connections  to  sewer  line  made,  145  linear  feet  of  15-inch  vitrified  sewer  pipe  laid,  3 
catcli  basins  installed,  575  Linear  feet  of  G-inch  cast-iron  pipe  laid,  30  J-inch  lead  con- 
nections for  houses  made,  1,100  square  yards  of  macadam  subbase  placed  and  rolled, 
and  1, 142  square  yards  of  asphaltic  concrete  laid.     Total  cost,  $2,980.57. 

The  installation  of  a  combined  storm  and  sanitary  sewer  from  the  Panama  Eailroad 
stables  to  the  sea,  and  the  laying  of  a  6-inch  cast-iron  water  line  for  the  protection  of 
the  Panama  Government's  warehouses,  consisting  of  1,419  cubic  yards  of  excavation, 
1,081  cubic  yards  of  back  fill,  303  linear  feet  of  G-inch  vitrified  pipe  for  house  con- 
nections, 153  linear  feet  of  8-inch  vitrified  pipe,  531  linear  feet  of  15-inch  vitrified 
pipe,  1,268  linear  feet  of  20-inch  concrete  pipe,  7  manholes  constructed,  1,222  linear 
feet  of  6-inch  cast-iron  pipe  laid,  20  linear  feet  of  4-inch  cast-iron  pipe  laid,  800  linear 
feet  of  three-fourths-inch  old  pipe  for  house  connections  placed.    Total  cost,  $3,562.95. 

The  construction  of  curb  and  gutter  in  the  \'icinity  of  the  Panama  Railroad  stables, 
consisting  of  13  cubic  yards  of  excavation,  402  linear  feet  of  curb  and  gutter.  Total 
cost,  $185.41. 

Municipal  work  in  connection  with  the  extension  of  the  Panama  Railroad  stables 
on  the  Sandoval  tract,  consisting  of  147  cubic  yards  of  excavation,  130  cubic  yards  of 
back  fill,  115  linear  feet  of  10-inch  vitrified  pipe,  245  linear  feet  of  12-inch  vitrified 
pipe,  66  linear  feet  of  15-inch  vitrified  pipe,  69  Linear  feet  of  18-inch  vitrified  pipe,  4 
manholes  constructed,  and  two  2-inch  fire  plugs  installed.     Total  cost,  $559.95.  _ 

Storm  drains  laid  to  sewer  line  from  the  caretaker's  house,  and  the  asphalting  of 
stalls  in  the  Panama  Railroad  stables,  consisting  of  160  linear  feet  of  12-inch  vitrified 
pipe  laid,  19  manholes  constructed,  910  Linear  feet  of  8-inch  \'itrified  pipe  laid,  and 
584  stalls  asphalted,  a  total  of  1,491  square  yards.     Total  cost,  $980. 

Installation  of  fire  protection  for  the  Panama  Railroad  yard  in  the  vicinity  of  the 
freight  station,  consisting  of  312  cubic  yards  of  excavation,  312  cubic  yards  of  back  fill, 
60  linear  feet  of  6-inch  cast-iron  pipe  installed,  408  linear  feet  of  4-inch  cast-iron  pipe 
installed,  and  one  3-way  hydrant  installed.    Total  cost,  $519.74. 

The  construction  of  concrete  sidewalks  at  the  Panama  Railroad  freight  house  along 
East  Fifteenth  Street  and  Northern  Avenue  to  the  end  of  the  Panama  Railroad  prop- 
erty consisting  of  94  cubic  yards  of  excavation,  500  square  yards  of  grading,  171  linear 
feet  of  straight  ciu'b,  424  linear  feet  of  curb  and  gutter,  468  square  yards  of  concrete 
sidewalk,  2  manholes  raised,  130  linear  feet  of  12-inch  vitrified  pipe  laid,  30  Linear 
feet  of  8-inch  vitrified  pipe  laid,  and  270  linear  feet  of  fence  reconstructed.  Total 
cost,  $1,671.47. 

The  asphalting  of  Avenue  B  in  the  vicinity  of  the  Panama  Railroad  freight  station 
to  Twenty-thu-d  Street,  paid  jointly  by  the  Panama  Railroad  and  the  Panama  Gov- 
ernment, consisting  of  5,110  square  yards  of  macadam  base  prepared,  and  5,110  square 
yards  of  asphaltic  concrete  laid.     Total  cost,  $3,356.98. 

The  preparing  of  subgrade  and  the  asphalting  of  Northern  Avenue  in  the  vicinity 
of  the  Panama  Tramway  Co.'s  car  barn,  consisting  of  1,470  square  yards  of  macadam 
subgi-ade  prepared,  and  1,470  square  vards  of  asphaltic  concrete  laid.  Total  cost, 
$955.50. 

Under  deposits  by  private  parties  all  sewer  and  water  connections  in  the  City  of 
Panama  to  private  residences,  factories,  stables,  etc.,  were  made,  and  under  deposits 
made  at  various  times  by  the  Panama  Electric  Tramway  Co. ,  repair'  work  for  them  was 
done  to  the  extent  of  $3,021.38.  All  plumbing  inspection  work  in  the  City  of  Panama, 
as  well  as  inspection  of  plumljing  in  the  Canal  Zone,  was  handled  by  employees  of 
the  municipal  division,  as  well  as  the  collection  of  water  rents  in  the  City  of  Panama,  a 
report  of  which  is  as  follows: 

Consumption  per  quarter. 


Quarter  ended. 


Paying 
connec- 
tions. 


Private. 


Public 
hydrants 
and  taps. 


Total. 


Daily 

averaga 

consuini> 

tion. 


Sept.  30, 1915. 
Dec.  31, 1915.. 
Mar.  31,1916.. 
June  30,  1916.. 


2,305 
2, 325 
2,3.50 
2,390 


150,395,000 
1.53,824,000 
162,  288,  (KM 
159,377,000 


91,410,000 
88,017,(100 
106,1.S0,(K)0 
102,6.03,000 


241,80.5,000 
241,841,000 
268,468,000 
262, 030, 000 


2,686,722 
2,687,122 
2, 982, 977 
2,911,444 


Total  for  }'ear. 


625,884,000 


388,260,000 


1,014,144,000 


2,$l7,0m 


116 


THE   PANAMA   CANAL. 
Consumption  per  quarter — Coutimied. 


Quarter  ended. 


S?pt.  30,  1915 

Dec.  31,  1915 

Mar.  31,  1916 

Jime30,  1916 

Total  for  year 


Amount 

collected 

from  private 

consumers. 


S37,  766.  95 
139,246.20 
2-11,533.75 
3  40,616.25 


Average 

consumjh 

tion  per 

private 

connection 

per  quarter. 


6.5,247 
66, 160 
66,058 
66.685 


159, 163. 15 


267,150 


Average 

private 

quarterly 

bill. 


S16.3? 
16.88 
17.67 
16.99 


67.92 


1  Includes  $2,825  charge  for  water  used  in  schools  and  other  public  buildings  daring  the  quarter.    Ap- 
proved for  paymjnt  by  th3  (iovernm?nt  of  Panama,  but  unpaid  on  account  of  lack  of  funds. 

2  Includes  $2,606.25  charge  for  water  used  in  schools  and  other  public  Vjuildings  during  the  quarter.    Ap- 
proved for  payment  by  the  Government  of  Panama,  but  unpaid  on  account  of  lack  of  funds. 

3  Net  amount  of  bills. 

In  addition  to  maintaining  all  the  streets,  -water  lines,  and  sewer  lines  in  the  City 
of  Panama,  the  following  construction  work  was  done  and  charged  to  maintenance: 

Water  pipe,  6-inch  cast  iron linear  feet. .  175 

Water  pipe,  4-inch  cast  iron do 130 

Manholes  built 1 

Asphalt,  Tivoli  Road square  yards. .  2,  975 

Asphalt,  Third  of  November  Street do 1, 171 

Asphalt,  I  Street do 958 

Asphalt,  West  Twentieth  Street do 886 

Asphalt,  Balboa  Street do 869 

Asphalt,  East  Nineteenth  Street do 124 

Asphalt,  Ancon  Avenue  and  J  Street do 80 

Asphalt,  B  Street do 80 

Northern  District. 

In  the  Northern  District  the  following  are  the  more  important  items  of  construction 
performed  by  the  municipal  forces  for  other  divisions  of  the  canal  and  departments 
of  the  Government: 

UNITED   STATES   ARMY. 

Coiv^fruction  of  wafer  and  seioer  lines,  roads  and  sidewalls  and  grading  of  grounds  at 
Margarita  Island  {Fort  Randolph). — This  work  consi.sted  of  640  linear  feet  of  12-inch 
pipe,  2,650  linear  feet  of  10-inch  vitrified  pipe,  260  feet  of  8-inch  vitrified  pipe,  440 
feet  of  6-inch  vitrified  pipe,  laid  for  road  drains  and  culverts,  and  6,970  linear  feet  of 
8-inch  cast-iron  pipe,  1,050  feet  of  6-incli  cast-iron  pipe,  1,375  linear  feet  of  4-inch 
cast-iron  pipe,  1,080  linear  feet  of  2J-inch  galvanized  pipe,  laid  in  the  water  system. 
Two  thousand  five  hundred  and  seventy  (2,570)  linear  feet  of  6-inch  cast-iron  pipe 
were  laid  as  a  discharge  from  the  sewerage  sump  to  the  sea,  and  2,830  linear  feet  of 
6-inch,  and  2.590  linear  feet  of  8-inch  vitrified  pipe  wore  laid  for  the  sewerage  system. 
The  excavation  for  road  grades,  water  lines,  and  sewer  lines  amounted  to  3,916 
cubic  yards.  Back  fill  amounted  to  2,095  cubic  yards.  There  were  16,700  linear  feet 
of  curb  and  gutter  consti-ucted  and  4,927  square  yard.g  of  concrete  sidewalks  laid. 
During  road  construction  there  were  48  catch  basins  installed  and  14  standard  fire 
hydrants  placed. 

Municipal  work  at  Margarita  Island,  Fort  Randolph. — This  work  consisted  of  the 
instalhition  of  water  and  sewers,  the  construction  or  sewerage  and  fresh-water  pump 
stations,  the  installation  of  pumping  equipment,  the  grading  and  preparing  oi  sub- 
grades  for  streets,  the  construction  of  curb  and  gutter,  the  placing  of  macadam,  the 
rolling  and  oiling  of  smfaces,  the  grading  for  and  placing  of  concrete  sidewalks,  and 
grading  an  area  in  the  vicinity  of  the  quarters.  In  connection  with  the  above  the 
following  work  was  done:  Con.struction  of  drains  from  catch  basins  on  streets,  and  the 
1  aying  of  640  linear  feet  of  12-inch,  2,650  linear  foot  of  10-inch,  260  linear  feet  of  8-inch, 
and  440  linear  feet  of  6-inch  vitrified  pipe.  The  excavation  and  back  fill  for  these 
drain  lines  amounted  to  1,008  cubic  yards.  The  installation  of  the  sewer  system  con- 
Bislcd  of  2,590  linear  feet  of  8-inch  and  2,570  linear  feet  of  6-inch  vitrified  sewer  pipe 
laid  to  the  sewerage  pump  station.  There  w^ere  2,004  cubic  yards  of  excavation  and 
back  fill  on  these  lines,  and  18  manholes  were  constructed.  -From  the  sewerage  pump 
elation  to  the  sea  a  6-inch  cast  iron  discharge  line  was  laid — a  distance  of  2,560  feet. 
There  were  904  cubic  yards  of  excavation  and  back  fill. 
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The  water  lino  installed  consisted  of  the  laying  of  G,970  linear  feet  of  8-inch  1  050 
linear  feet  of  (j-inch,  and  1,375  linear  feet  of  4-inch  cast-iron  pipe,  with  nc('ess;iry 
valves  and  house  connections.  There  were  14  standard  fire  hydrants'  installed  The 
excavation  and  back  fill  on  these  lines  amounted  to  1 ,830  cubic  yards.  In  connection 
with  the  installation  of  the  water  lines  a  by-pass  was  made  to  the  pump  station  from 
the  gravity  feed  line,  and  a  fire  pump  installed  for  fire  protection. 

Tlie  e.xcavation  for  subgradc  and  curb  and  gutters  on  streets  amounted  to  1  G06 
cubic  yards,  16,700  linear  feet  of  curb  and  gutter  being  constructed,  and  13  880  square 
yards  of  macadam  placed,  rolled,  oiled,  and  sanded.  ' 

Sidewalk  construction  consisted  of  the  necessary  grading  and  the  placing  of  4  927 
square  yards  of  concrete.  ' 

The  gi-ading  around  quarters  consisted  of  a  cut  and  fill  over  an  area  of  89  000  square 
yards.  '  '■ 

The  total  cost  of  the  municipal  work  at  this  point,  including  labor,  all  materials  for 
construction  piu-poses,  and  equipment  for  the  pump  stations,  amounted  to  $84,932  05 

Municipal  ivork  performed  upon  special  request  at   Toro  Point  (Fort  Sherman)  — 
This  work  consisted  of  the  following:  The  staking  out  of  permanent  buildings  erected 
the  construction  of  3,235  linear  feet  of  curb  and  gutter,  and  4,067  squar'e  yards  of 
macadam  roadway,  the  laying  of  250  linear  feet  of  8-inch  vitrified  pipe  for  road  drains 
the  construction  of  100  linear  feet  of  concrete  block  culverts,  177  linear  feet  of  basket 
gutter,  and  725  linear  feet  of  concrete  ditch,  with  a  section  4  inches  wide  at  the  top 
y  feet  wide  at  the  bottom,  and  IJ  feet  deep,  with  6-inch  side  walls.     Of  the  3,259 
linear  feet  of  roadway  built,  it  was  necessary  to  corduroy  1,947  linear  feet.     The 
total  cost  of  the  work  at  this  point  was  $12,413.10. 

Upon  special  authority  a  new  pimip,  with  necessary  electrical  equipment  for 
operating  same,  was  installed  at  Fort  Sherman.  The  cost  of  this  work,  including 
equipment,  was  $1,435.40. 

Installation  of  relay  pump  station.—JJpon  special  authority  a  relay  pimip  station 
for  temporary  purposes,  was  installed  at  Mount  Hope,  furnishing  water  to  Fort 
Randolph.    The  cost  of  necessary  connections,  and  the  installation  of  this  pump 
and  equipment,  amounted  to  $1,216.16. 

Surveys  and  estimates  for  new  Army  Post.—Vpon  special  request  surveys  and  esti- 
mates were  made  covering  the  new  Army  Post  to  be  constructed  at  Fort  Sherman 
The  cost  of  making  the  surveys,  including  the  getting  out  of  the  necessary  estimates' 
blue  prints,  etc.,  was  $1,265.68. 

TERIIIXAL   COXSTRUCTION. 

Installation  of  oil  lines  to  Cristobal  coaling  plajit. —Upon  special  request  from  the 
terminal  construction  division,  two  10-inch  oil  lines  were  installed  from  Dock  No.  13 
across  the  channel  in  a  depth  of  45  feet  of  water  to  the  Cristobal  coaling  plant  This 
work  consisted  of  the  laying  of  1,291  linear  feet  of  10-inch,  double,  extra  heavy,  gal- 
vanized pipe,  865  linear  feet  of  6-inch  extra  heavy  galvanized  pipe,  4,946  "linear 
feet  of  8-inch  extra  heavy  galvanized  pipe.  Excavation  and  back  fill  in  the  approaches 
amounted  to  240  cubic  yards.     The  total  cost  of  this  work  was  $17,464.82. 

Installation  of  ivaler  line  to  coaling  plant.~\]pon  special  authority  a  permanent 
water  line  was  installed  across  the  channel  to  the  coaling  plant.  This  work  con- 
sisted of  the  lajdng  of  1,939  linear  feet  of  10-inch  extra  heavy  galvanized  pipe,  220 
linear  feet  of  4-inch  galvanized  pipe  for  outlets.  The  excavation  for  the  approaches 
to  channel  amounted  to  100  cubic  yards.  The  total  cost  of  the  work  performed  was 
$6,691.41.  _  ^ 

Installation  of  water  system,  at  Mount  Hope  oil  tank  farm.— \Jnder  special  authority 
a  water  system  was  installed  at  the  Mount  Hope  oil  tank  farm.  This  consisted  of  the 
laying  of  2,022  linear  feet  of  6-inch  pipe,  1,856  feet  of  4-inch  pipe,  and  723  linear 
feet  of  3-inch  pipe,  with  the  required  number  of  outlets  for  supply  purposes.  Total 
cost,  $2,465.85. 

Galvanized  line  from  gasoline  tank  No.  27  to  Dock  No.  i J.— Under  special  authority 
4-inch  galvanized  line  was  laid  from  gasoline  tank  Xo.  27  to  Dock  No.  13,  consisting  of 
2.326  linear  feet  of  4-inch  galvanized  pipe,  one  4-inch  strainer  installed,  50  cubic 
yards  of  excavation  and  back  fill,  and  60  linear  feet  of  2-inch  galvanized  pipe  for 
distribution.     Total  cost,  $1,054.14. 

Grading  around  fuel-oil  tank  No.  ,?6.— Under  special  authority  grading  around 
fuel-oil  tank  No.  26  was  done,  the  total  amount  of  excavation  and  fill  amounting  to 
245  cubic  yards.     Total  cost,  $662.95. 

Gravel  walk  around  fuel-oil  handling  plant  at  Mount  Ilope.—Vndcr  special  authority 
a  4-foot  gravel  walk  was  constructed  around  the  fuel-oil  handling  plant  at  Mount 
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Hope,  consisting  of  360  linear  feet  of  curb  and  gutter  placed,  and  144  square  feet  of 
concrete  pavement  laid.     Total  cost,  $198.41. 

Removal  of  bank  in  rear  of  oil-handling  plant,  Mount  Hope. — Under  special  authority 
the  bank  in  the  rear  of  the  oil-handling  plant  at  Mount  Hope  was  removed.  The 
excavation  at  this  point  amounted  to  640  cubic  yards.  In  this  connection  there 
were  also  353  linear  feet  of  6-inch  sewer  pipe  laid  for  drainage  purposes.  Total  cost, 
f 854. 91. 

Grading  around  employees'  quarters,  oil-hatidling  plant,  Mount  Hope. — Under  special 
authority  the  grading  around  the  quarters  for  the  employees  of  the  Mount  Hope 
oil-handling  plant  was  done,  consisting  of  200  cubic  yards  of  excavation,  400  linear 
feet  of  curb  and  gutter  placed,  500  square  yards  of  concrete  sidewalk  laid,  and  103 
linear  feet  of  10-inch  pipe  for  drainage  purposes  laid.     Total  cost,  $729.03, 

Construction  of  concrete  drains  at  fuel-oil  handling  plant. — Under  special  authority 
concrete  drains'^  were  constructed  across  the  end  of  the  manifold  platform  of  the 
fuel-oil  handling  plant.  This  work  consisted  of  85  feet  of  concrete  gutter,  18  linear 
feet  of  6-inch  vitrified  pipe  laid,  and  the  necessary  excavation  and  grading.  Total 
cost,  $139.99. 

Water  line,  Cristobal  coaling  plant. — Under  special  authority  an  8-inch  water  line 
was  laid  around  the  coal  pockets  at  the  Cristobal  coaling  plant.  This  consisted  of 
the  laying  of  4.380  linear  feet  of  8-inch  galvanized  pipe,  332  linear  feet  of  4-inch  gal- 
vanized pipe,  the  installation  of  twenty-two  2^-inch  fire  plugs,  and  125  linear  feet 
of  10-inch,  358  linear  feet  of  2-inch,  716  linear  feet  of  6-inch,  160  linear  feet  of  2i-inch, 
1,760  linear  feet  of  2-inch,  and  80  linear  feet  of  1-inch  galvanized  pipe.  In  addition 
to  installing  the  pipes,  four  2-inch  water  meters  were  installed,  and  22  bell  boxes 
around  the  connections  for  watering  ships.     Total  cost,  $5,210.50. 

Erection  of  barbed-tv ire  fence  around  Mount  Hope  oil  tank  farm. — Under  special 
authority  a  barbed-wire  fence,  with  concrete  posts,  was  erected  around  the  Mount 
Hope  oil  tank  farm.  This  work  consisted  of  103  concrete  posts  set,  2,060  linear  feet 
of  barbed  wire  erected,  at  a  total  cost  of  $2,304.12. 

Construction  of  barbed-wire  fence  around  gasoline  storage  tank  (it  Mount  Hope. — 
Under  special  authority  an  overhanging  nonclimbable  barbed-wire  fence  was  con- 
structed around  the  gasoline  storage  tank  at  Mount  Hope.  This  consisted  of  the 
setting  of  45  concrete  posts,  and  the  erection  of  870  linear  feet  of  barbed-wire  fence. 
Total  cost,  $431.88.  .       ,     ,    ,      ,     . 

Water  supply  furnished  concrete-block  mixing  plant. — This  consisted  of  the  laying 
of  560  linear  feet  of  2-inch  galvanized  pipe,  with  necessary  connections.  Total  cost, 
$120.97. 

Construction  of  fire  wall  around  United  States  oil  tank  No.  9.— I'  nder  special  authority 
a  fire  wall  was  constructed  around  United  States  oil  tank  No.  9.  This  consisted  of 
1,500  cubic  yards  of  excavation  and  fill.    Total  cost,  $1,041.93. 

Grading  and  clcanng  of  ground  in  vicinity  of  gasoline  storage  tank  No.  27. — ^Under 
special  authority  the  ground  in  the  vicinity  of  gasoline  storage  tank  No.  27  was  graded 
and  cleared,  at  'a  cost  of  $196.70. 

Relocation  of  icater  line  to  Cristobal  coaling  station.— Under  special  authority  the 
water  line  leading  to  the  Cristobal  coaling  station  was  relocated  for  a  section  of  185 
linear  feet,  at  a  cost  of  $238.52. 

SUPPLY    DEPARTMENT. 

Installation  of  Grinell  sprinkling  apparatus  for  fire  protection,  Cristohal  commis- 
sary.—This  consisted  of  the  purchase  of  98  Grinell  sprinkler  heads,  the  laying  of  830 
linear  feet  of  4-inch  galvanized  pipe,  and  1,500  linear  feet  of  li-inch  galvanized  pipe, 
at  a  cost  of  $1,174.66. 

Construction  of  road  to  Cristobal  slaughter  hmise.-This  consisted  of  the  laying  of 
600  linear  feet  of  curb  and  gutter,  30  cubic  yards  of  fill  for  subgrade,  345  square  yards 
of  macadam  road  constructed,  and  105  square  yards  of  concrete  walk  laid.  Total 
cost,  $1,014.64. 

Construction  of  concrete  paving  in  cattle  lanes  from  cattle  pen  to  Mount  Hope  Road.— 
This  work  consisted  of  the  laying  of  1,782  square  yards  of  pavement  and  the  construc- 
tion of  400  lineal  feet  of  concrete  drain,  at  a  total  cost  of  $674.38. 

Placing  of  concrete  floor  in  stock  pen  on  E  Street,  Colon.— This  necessitated  the 
laying  of  460  square  yards  of  concrete  floor,  with  the  necessary  grading,  at  a  total 
cost  of  $292.37. 

Water  and  sewer  connections  to  New  Cnstobal  Hotel. — This  necessitated  the  laying 
of  300  linear  feet  of  8-inch  vitrified  pipe,  with  40  cubic  vards  of  ex'cavation  and  back 
fill. 
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Removal  of  refuse  in  the  vicinity  of  fire  station  to  lots  in  rear  of  Panama  Railroad 
stoble^s. — This  work  consisted  of  the  loading  and  transporting  of  92  wagonloads  of 
refuse,  at  a  total  cost  of  $212.81. 

Constructioti  of  16-foot  roadway  frov}  EUventh  Street  to  Bolivar  Street  on  west  side  of 
Masonic  Temple,  Cristobal. — This  consisted  of  the  laying  of  340  linear  feet  of  curb 
and  gutter,  the  placing  of  302  square  yards  of  macadam  roadway,  and  15  square  yards 
of  concrete  pavement,  including  the  necessary  grading.     Total  cost,  $512.71. 

Construction  of  temporary  road,  terminal  office  building,  Cristobal. — This  work  con- 
sisted of  the  placing  of  337  square  yards  of  macadam,  with  crdinary  earth  ditches, 
and  one  rolled  crossing.     Cost,  $406.22. 

MISCELLANEOUS. 

In  addition  to  the  construction  work  listed,  there  was  approximately  $82,000  worth 
of  work  done  by  the  municipal  division  in  the  Northern  District  on  blanket  work 
requests  from  other  divisions,  these  requests  amounting  to  $1,000  and  less  for  divisions 
of  The  Panama  Canal,  the  Panama  Railroad,  and  for  private  parties. 

The  number  of  ships  furnished  with  water  at  Cristobal  during  the  year,  with  the 
total  quantity  of  water  furnished,  is  shown  by  the  following  statement: 


Class  of  shipping. 


I  Number  of    Gallons  of 
vessels.  water. 


Foreign  shipping 

Panama  Canal  colliers. . 
Panama  Railroad  boats 


31,716,698 
1,071,105 
1, 726, 906 


The  regular  municipal  maintenance  work  in  the  Northern  District  during  the 
vear  included  the  care  of  the  following: 


Colon. 


Gatun. 


CristobaL 


Mount  Hope 
and  vicinity. 


Macadam  road square  yards . . 

Curb  and  gutter linear  feet.. 

Bricic  paving square  yards.. 

Drains linear  feet . . 

Sewers do 

Water  lines do 

Water  main  to  Margarita do 

20-inch  main,  Brazos  Brook  to  Mount  Hope do 

20-incli  main,  Mount  Hope  to  Colon do 


150, 770 
106, 256 
5,885 
6,030 
47, 285 
60, 645 


28,  .560 
4,000 


34,907 
35,000 


65,700 
2, 000 


8,000 
25, 050 
22,075 


3,750 
13, 985 
25, 510 


2,000 
10,710 
26,  OOO 
13,000 

7, 830 


In  the  City  of  Colon  all  streets  and  water  and  sewer  lines  were  maintained  and  the 
sewage  pumping  station  was  operated  throughout  the  year.  The  report  of  the  plumb- 
ing inspector  in  this  district  for  the  year  is  as  follows: 

Plumbing  permits  issued  during  the  year 495 

Final  certificates  issued  during  the  year 496 

Plumbing  permits  outstanding  June  30,  1916 48 

_  The  report  of  the  water-collection  office  for  the  City  of  Colon  for  the  fiscal  3'ear  ia 
given  in  the  following  statement: 

Report  of  Water-Collection  Office,  Colon. 
Consumption  of  water. 


Number 
of  pay- 
ing con- 
nections. 

Consumption  of  water  per  quarter. 

Total  eon- 
siunption. 

Quarterending 

Private  con- 
nections. 

Panama 

Railroad 

reservation 

Panama 
Canal  hos- 
pital and 
quarantine. 

Public  fire 

hydrants  and 

taps. 

daily 
consump- 
tion. 

Sept.. 30,  1915.. 
Dec.  31,  1915... 
Mar.  31,  1916... 
Jime30,  1916... 

736 
800 

848 
883 

Gallons. 
46,740,000 
50,936,500 
52, 732, 500 
55.381,000 

Gallons. 
4,949,250 
4,. 577, 250 
3,632,250 
3,567,750 

Gallons. 
10,3.52,250 
14,394,750 
10,351.500 
10,196,250 

Gallons. 
121,648,325 
95,081,525 
96,645,575 
92, 800, 725 

Gallons. 
183,689,825 
164,990,025 
163,361,825 
161,945,725 

Gallons. 

2,040,998 

1,833,222 

1,815,131 

1,799,396 

Total  for  year 

205,790,000 

16,726,500 

45,294,7.50 

406,176,150 

673,987,400 

'  1  872  187 

1  Average. 
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Water  rental  coJlcdions. 


Quarter  end- 
ing 

Amount 
collected 
from  pri- 
vate con- 
sumers. 

-^TT\      Amount 
'cm         ^°"e^t^d 
T.I„i^o     from  Pan- 
Panama              rnnal 
Railroad.!  ^™^^ ^^^'• 

Amount 
paid  or  to 
be  paid  bv 
the  Pan- 
ama Gov- 
ernment. 

Total  rev- 
enue per 
quarter. 

Average 
consump- 
tion per 
quarter 
per  con- 
nection. 

Average 
private 
quar- 
terly 
bill". 

Average 
cost  per 
hydrant. 

Sept. 30. 1915. 
Dec.  31, 1915.. 
Mar.  31, 1916.. 
June  30, 1916.. 

SIS,  925. 50 
20,896.30 
21,414.00 
22, 467.  00 

S1,4S4.40 
1,373.40 
1,090.20 
1,070.40 

$3, 106.  20 
4,318.50 
3,105.90 
3.059.40 

.$11,562.57 
11,789.13 
9.647.54 

$35,078.67 
38,377.33 
35,257.64 
26,596.80 

Gallons. 
63,505 
63,670 
62, 184 
62,719 

S25.  71 
26.12 
25.25 
25.44 

S101.42 
103. 41 
84.63 

Total     for 

year 

83,702.80     5,018.40 

13, 590. 00 

32,999.24 

135,310.44 

252,078 

102.52 

2S9.46 

1  The  amount  to  be  paid  by  the  Panama  Government  depends  upon  the  cost  of  maintenance  and  other 
charges,  and  can  not  be  detennined  for  quarter  ending  June  30, 1916,  at  date  this  report  is  submitted. 

Operation  of  Water  Purification  Plants. 

The  following  report  of  the  operation  of  the  purification  plants,  irnspection  of  the 
reservoirs,  and  the  laboratory  control  of  the  water  supplies  in  the  Canal  Zone  has 
been  submitted  by  'Mr.  George  C.  Bunker,  physiologist: 

MOUNT    HOPE    PLKIFICATIOX    PLANT. 

This  plant,  in  operation  since  February  23,  1911,  supplies  filtered  water  to  that 
portion  of  the  Northern  District  which  lies  north  of  Mount  Hope,  and  includes  Colon, 
Cristobal,  Margarita  Island,  and  Mount  Hope,  with  a  combined  population  of  about 
37,000.  The  plant  comprises  the  following  units :  Aeration  basin,  sedimentation  basin, 
rapid  sand  filters,  clear-water  basin,  and  chlorinator. 

Aeration  basin. — This  basin,  measuring  60  by  66  feet,  is  equipped  with  85  cone 
nozzles,  which  are  arranged  in  five  batteries  of  17  each.  The  nozzles  are  so  adjusted 
that,  under  ordinary  operating  conditions,  the  raw  water  is  discharged  at  an  angle 
of  30  degrees  in  a  thin  sheet  which  breaks  up  into  fine  drops.  The  average  diameter 
of  the  circle  which  would  be  formed  by  the  discharge  of  one  nozzle  striking  the  floor 
would  be  24  feet.  The  average  loss  of  head  due  to  the  nozzle  itself  is  1.95  feet.  The 
following  figures  furni.sh  a  typical  illustration  of  the  action  of  the  nozzles: 


Source  of  sample. 


Raw-water  tap 28. 8°C. 

Discharge  from  aeration  basin ,    28. 0°r . 


Dissolved  oxygen. 


Temper- 
ature. 


Parts  per 
million. 


Per  cent 
satura- 
tion. 


Carbon 
dioxide, 
parts  per 
million. 


5. 09 

7.38 


65.2 
93.1 


•J.  a 
0.0 


With  the  nozzles  adjusted  for  the  maximum  flow  of  water  the  latter  is  discharged  in 
the  form  of  a  sheet  of  varying  thickness  without  any  spraying.  Under  these  con- 
ditions the  average  diameter  of  the  circle  which  would  be  formed  by  the  discharge  of 
one  nozzle  striking  the  floor  would  be  10  feet.  The  average  loss  of  head  due  to  the 
nozzle  itself  is  0.5  foot.  The  amount  of  oxygen  added  to  the  water  and  the  amount  of 
carbon  dioxide  removed  is  practically  the  same  under  these  conditions. 


Source  of  sample. 


Dissolved  oxygen. 


Paris  per 
million. 


Per  cent 
satura- 
tion. 


Carlton 
dioxide, 
parts  per 
million. 


Raw -water  tap 

Discharge  from  aeration  las 


4.37 

6.76 


3.5 
1.5 
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With  increased  amounts  of  rarbon  dioxide  in  llie  raw  water  a  better  reduction  is  ef- 
fected l)y  a  .spraying  action  of  the  nozzles.  The  removal  of  disagreeable  odors  is  also 
more  efHcient.  An  odor  of  hydrogen  sulphide  of  a  numerical  value  of  5  (Whipple's 
scale)  is  completely  removed  by  the  spraying  action  of  the  nozzles. 

The  following  table,  arranged  by  months,  shows  the  reduction  in  free  carbonic 
acid  effected  by  the  aeration: 

Free  carbonic  acid. 


Month. 


1915. 

July 

August 

September 
October... 
November. 
December. 

1916. 
January... 
February.. 

March 

.\pril 

May 

June ' 


Raw  water. 


Median.     Mean.    Maximum.    Minimum 


3.0 

3.0 

1.0 

0.7 

O-.'J 

0.8 

.s.n 

2.7 

2.0 

2.3 

1>.0 

2.3 

1.0 

1.3 

1.0 

0.8 

2.5 

2.6 

2.5 

2.6 

1.5 

1.7 

0.0 

0.0 

5.0 
1.0 
3.0 
4.0 
4.0 
6.0 


o.O 
1.0 
4.5 
4.5 
4.5 
0.0 


1.0 
0.0 
0.0 
0.0 
1.0 
0.0 


0.5 
0.0 
0.5 
1.0 
0.0 
0.0 


Aerated  water. 


Median.     Mean.    Maximum.   Minimum 


1.0 
0.5 
0.0 
1.0 
0.5 
0.5 


0.5 
0.0 
0.5 
0.0 
0.0 
0.0 


1.0 
0.3 
0.2 
0.8 
0.7 
0.6 


0.4 
0.0 
0.5 
0.1 
0.1 
0.0 


5.0 
0.5 
0.5 
2.0 
1.0 
1.0 


1.5 
0.0 
1.0 
0.5 
0.5 
0.0 


0 
0 
0 
0 

0.5 
0 


'  Carbonate  alkalinity. 

The  addition  of  free  carbonic  acid  due  to  the  use  of  alum,  varying  from  lOG  to  317 
pounds  per  million  gallons,  increased  the  final  content  of  the  filtered  water  to  3  to  8 
parts.  \ 

Table  No.  16,  Physical  and  Chemical  Character  of  Raw  and  Filtered  Water,  Mount 
Hope  Purification  Plant,  contains  the  results  of  the  dissolved  oxygen  determinations 
which  have  been  made  at  least  once  each  week  as  a  routine  procedure.  The  raw-water 
content  has  varied  from  1.75  parts  per  million  (22.2  per  cent  saturation)  when  the 
bottom  intake,  25  feet  below  the  surface,  was  in  use,  to  9  parts  (119  per  cent  satura- 
tion) when  the  surface  intakes  were  in  use.  In  the  former  case  the  effect  of  the 
aeration  was  to  increase  the  dissolved  oxygen  to  7.15  parts,  or  90  per  cent  saturation. 
In  the  latter  case  there  was  a  reduction  to  7.76  parts,  or  101  per  cent.  On  August  9, 
1915,  and  November  20,  1915,  the  nozzles  reduced  the  dissolved  oxygen  from  8.04 
and  8.38  parts  (105  and  107  per  cent  saturation)  to  7.96  and  7.93  parts  (102  and  100 
per  cent  saturation). 

The  variation  in  the  dissolved  oxygen  content  of  the  raw,  aerated,  settled,  and 
filtered  water  during  a  24-hour  period  is  shown  by  a  set  of  determinations  made  by 
Mr.  C.  n.  Spaulding.  At  this  time  water  was  being  drawn  from  the  surface  of  the 
reservoir. 


Time. 


Raw  water. 


Parts 
per 

mil- 
lion. 


Per  cent 
satura- 
tion. 


Aerated  water. 


Parts 
per 
mil- 
lion. 


Per  cent 
satura- 
tion. 


Settled  water. 


Parts 
per 
mil- 
lion. 


Per  cent 
satura- 
tion. 


Filtered  water. 


Parts 
per 
mil- 
lion. 


Per  cent 
satura- 
tion. 


Jan.  7, 1916 

Midnight 

3  a.  m 

6  a.  m 

7  a.  m 

8  a.  m 

9  a.  m 

10  a.  m 

11  a.  m 

Noon 

1  p.  m 

2  p.  m 

3  p.  m 

4  J),  m 

5  p.  m 

6  p.  m 

7  p.  m 

9.:^0p.  m 

Midnight  Jan.  S 


7.69 
7.62 
7.  55 
7.48 
7.48 
7.58 
7.65 
7.83 
7.48 
7.62 
7.69 
7.65 
7.  55 
7.69 
7.83 
7.90 
7.48 
7.  .33 


98.8 
98. 1 
97.0 
96.0 
96.5 
98.  3 
99.3 

102.4 
97.5 
99.5 

100.5 
99.9 
98.1 
99.6 

101.  3 

101.6 
95.9 
93.8 


7.67 
7.63 
7.63 
7.66 
7.77 
7.80 
7.77 
7.70 
7.73 
7.77 
7.77 
7.70 
7.77 
7.77 
7.74 
7.83 
7.67 
7.60 


97.5 
97.5 
97.0 
97.0 
99.0 

100.0 
99. 9 
99.9 
99.6 

100.5 

100.5 
99.6 

100.0 
99.7 
98.8 
99.9 
97.6 
96.2 


7.87 
7.75 
7.68 
7.68 
7.68 
7.77 
7.77 
7.81 
7.91 
7.96 
8.09 
8.00 
8.00 
7.81 
7.96 
8.05 
8.00 
7.87 


101.0 
99.3 
98.0 
98.0 
97.7 
99.0 
99.2 
99.2 
101.3 
102.3 
104.0 
103. 3 
103.  4 
100.4 
102.4 
103.  4 
102.6 
100.5 


7.77 
7.70 
7.59 
7.59 
7.46 
7.55 
7.55 
7.64 
7.64 
7.68 
7.77 
7.73 
7.73 
7.64 
7.91 
7.91 
7.81 
7.73 


100.1 
98.8 
97.0 
97.0 
95. 0 
96.1 
96.3 
97.6 
97.7 
98.4 
99.9 
99.4 
99.5 
98.2 
101.6 
101.5 
100.0 
98.8 


63503°— 16- 
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The  variations  in  temperature  and  free  carbonic  acid  during  the  same  period  are 
shown  below: 


Temperature. 

Free  carbonic  acid. 

Time. 

Raw. 

Aerated. 

Set- 
tled. 

Fil- 
tered. 

Raw. 

Aerated. 

Set- 
tled. 

Fil- 
tered. 

Jan.  7, 1916. 
Midnight      

28.7 
28.8 
28.7 
28.6 
28.9 
29.2 
29.3 
29.6 
29.4 
29.6 
29.6 
29.5 
29.2 
29.0 
28.9 
28.7 
28.6 
28.4 

28.1 
28.3 
28.1 
27.9 
28.2 
28.6 
28.8 
29.2 
28.8 
29.0 
29.0 
29.0 
28.7 
28.5 
28.3 
28.2 
28.2 
27.9 

28.5 
28.5 
28.3 
28.3 
28.1 
28.2 
28.3 
28.4 
28.4 
28.6 
28.7 
28.8 
28.8 
28.7 
28.7 
28.7 
28.5 
28.4 

28.  8 

28.5 

28.3 

28.3 

28.2 

28.2 

28.3 

28.4 

28.4 

28.55 

28.7 

28.7 

28.7 

28.7 

28.7 

28.7 

28.5 

28.4 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0 
0.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.0 
8.0 
8.5 
9.0 
8.5 
8.5 
8.5 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.5 
9.0 
9.0 
9.0 

7.0 

3  a.  m 

8.0 

6  a.  m 

8.5 

7  a.  m 

9.0 

8  a.  m 

&5 

9  a.  m 

8.5 

10  a.  m 

8.5 

11  a.  Ill 

9.0 

Noon 

9.0 

1  p.  ni 

9.0 

2p.m 

9.0 

3  p.  m 

9.0 

4  p.  m .   .          

9.0 

5  p.  m 

9.0 

6  p.  m 

8.5 

7p.  m 

9.0 

9.30  p.  m 

9.0 

Midnight  Jan.  8 

9.0 

The  settled-water  samples  were  collected  from  the  influent  to  one  of  the  filters, 
and  the  filtered  water  was  collected  from  the  controller  box  of  the  same  filter. 

Alum. — The  alum  solution  is  added  to  the  water  as  it  leaves  the  aeration  basin  by 
an  orifice  box.  The  water  then  passes  through  three  baffled  mixing  chambers  and 
discharges  into  the  sedimentation  basins. 

Sedimentation  basins. — There  are  three  cross-connected  parallel  concrete  sedimen- 
tation basins,  with  a  total  capacity  of  2,500,000  gallons.  The  length  of  each  basin  is 
171  feet,  the  combined  width  of  the  three  is  the  same,  the  depth  at  the  floor  valleys 
is  13  feet  6  inches,  and  that  at  the  summits  12  feet  3  inches.  Each  basin  is  di%'ided 
into  three  compartments,  56  feet  8  inches  square,  by  two  pressure  baffle  walls,  which 
are  pro\'lded  with  four  rectangular  openings  1  foot  wide  by  4  feet  long,  placed  3.5 
feet  below  the  water  level.  Extending  across  these  baffle  walls  in  front  of  the  open- 
ings there  are  concrete  skimming  troughs  which  reach  to  within  about  a  foot  of  the 
normal  water  level.  Between  the  pressure  walls  there  is  a  Ught  baffle  wail  in  each 
compartment  which  extends  from  one  side  to  within  6.5  feet  of  the  opposite  side, 
thus  leaving  an  opening  13.5  feet  deep  and  6.5  feet  wide  through  which  the  water 
passes  on  its  course  from  one  compartment  to  the  next. 

By  means  of  weirs  in  the  two  divisional  walls  at  the  inlet  end  the  three  basins  may 
be  operated  as  one  large  basin,  water  passing  from  one  to  the  other.  Each  basin  ia 
also  equipped  with  gates  at  the  outlet  end  so  that  any  one  may  be  thrown  out  of 
service  for  cleaning. 

Experience  has  shown  that  in  order  to  eliminate  a  multiplication  of  harmless  bac-' 
teria  in  these  basins  it  is  necessary  to  drain  and  wash  the  first  section  of  each — that 
is,  the  sections  into  which  the  aerated  water  first  passes — once  a  week.  Due  to  the 
formation  of  a  coarser  floe  than  in  similar  waters  in  the  States,  at  least  75  per  cent  of 
the  coloring  matter  and  aluminum  hydrate  deposits  in  these  sections.  Every  30 
days  it  is  necessary  to  drain  and  wash  the  entire  basin,  as  at  the  end  of  this  time 
or  earlier  small  cakes  of  sludge,  4  to  6  inches  thick,  will  be  carried  to  the  top  of  the 
water  by  the  gas  which  has  formed  by  septic  action.  The  predominant  odor  during 
the  cleaning  of  the  basins  is  that  of  boiled  cabbage.  At  times  these  cakes  of  sludge 
will  begin  to  float  to  the  top  in  less  than  30  days  after  the  last  cleaning,  and  if  the 
basins  are  not  drained  and  cleaned  immediately  a  multiplication  of  bacteria  results 
in  the  settled  waters. 

In  addition,  it  has  been  found  that  the  bacteria  in  the  settled  water  run  higher  at 
times  during  the  early  morning,  when  the  water  from  the  reservoir  is  slightly  colder 
than  the  water  in  the  basins  and  consequently  sinks  to  the  bottom,  displacing  some 
of  the  lower  water  which  contains  more  bacteria  and  forcing  it  to  the  top,  with  the 
result  that  the  settled  water  taken  from  the  top  layers  will  contain  more  bacteria 
than  the  inflowing  raw  settled  water. 

The  percentages  of  water  wasted  by  cleaning  the  basins  during  the  fiscal  year 
have  run  from  ]  .74  to  6.46,  averaging  4.5  during  the  last  four  months,  when  the  first 
three  sections  have  been  regularly  cleaned  on  Monday,  Tuesday,  and  Wednesday 
of  each  week.     During  June,  1916,  when  4.71  per  cent  of  water  was  wasted,  the  aver- 
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age  number  of  colonics  of  bacteria  in  the  raw  and  settled  water,  on  nutrient  agar  at 
37.5°  C,  wore  301  and  109  per  c.  c,  respectively. 

At  the  filter  building  end  of  the  basins  the  top  layers  of  the  settled  water  are  drawn 
off  by  skimming  platforms  and  enter  a  recei\ing  box,  from  which  it  passes  upon  the 
filters  through  two  22-inch  cast-iron  pipes. 

Rapid  sand  filters. — There  are  six  rapid  sand  gravity  filters,  constructed  of  rein- 
forced concrete,  measuring  27.5  by  18.66  feet  and  10.25  feet  deep  to  the  floor,  on  which 
the  uuderdrainage  system  is  placed.  They  are  arranged  in  two  rows  of  three  units 
each,  with  the  operating  floor  and  pipe  gallery  between.  Each  unit  has  a  sand  area 
of  513  square  feet,  or  0.01178  of  an  acre.  Operated  at  the  present  rate  of  104,200,000 
gallons  per  acre  per  day,  each  unit  delivers  1,226,000  gallons  per  24  hours. 

Embedded  in  the  floor  is  an  uuderdrainage  system  of  the  llanisburg,  Pa.,  type, 
composed  of  parallel  2-inch  galvanized  pil^es,  4  feet  long,  spaced  6  inches  apai't,'and 
perforated  on  the  undersides  with  holes  seven-thirty-seconds  inch  in  diameter,  which 
are  spaced  3  inches  apart.     Each  of  the  two  manifolds  is  tapped  with  a  4-inch  air  line. 

In  each  filter  there  are  22  inches  of  Chagres  River  gravel,  arranged  in  three  layers, 
as  follows : 


Layer. 

Thickness. 

Size. 

Bottoin 

Inches. 

8 

12 
2 

Passed  by  li-inch  square  mesh; 

retained  on  1-inch  square  mesh. 
Passed  by  1-inch  square  mesh; 

retained  on  i-inch  square  mesh. 

Middle 

Top 

Thirty  inches  of  Chame  beach  sand,  with  an  average  effective  size  and  uniformity 
coefficient  of  0.41  and  1.70,  respectively,  complete  the  filtering  material. 

In  washing,  the  filtering  material  is  first  loosened  by  applying  a  small  amount  of 
wash  water  at  a  low  rate.  Air  is  then  applied  for  a  period  of  four  to  five  minutes. 
It  has  been  found  that  scouring  of  the  sand  by  air  is  very  important  at  this  plant  in 
order  to  prevent  the  formation  of  an  excessive  number  of  mud  balls,  aa  the  low- 
velocity  water  wash  is  insufficient  in  itself  to  prevent  their  formation.  In  addition 
the  air  wash  freshens  the  sand  and  gravel  by  forcing  out  the  odors  which  accumulate 
during  a  filter  run.  Water  is  then  applied  at  the  rate  of  5,900  to  6,000  gallons  per 
minute,  or  11.1  gallons  per  square  foot  of  sand  surface,  equivalent  to  a  17.5-inch  ver- 
tical rise  per  minute.  The  sand  bed  is  lifted  2.5  inches  above  its  normal  elevation. 
The  wash  water  is  removed  by  one  central  and  eight  lateral  concrete  troughs. 

Each  filter  is  operated  by  hydraulic  valves  controlled  from  an  operating  table, 
each  of  which,  in  addition  to  the  ususal  equipment,  is  provided  with  small  10-watt 
green  and  red  lamps,  so  connected  that  the  former  burns  when  the  filter  is  in  opera- 
tion and  the  latter  starts  to  burn  when  the  loss  of  head  reaches  a  fixed  point. 

The  discharge  of  filtered  water  from  each  filter  is  regulated  by  a  controller,  which 
consists  of  a  concrete  box,  rectangular  in  shape  and  measuring  7  by  5  feet  in  plan 
by  3  feet  deep,  cast  on  the  floor  of  the  pipe  galler>';  a  circular  bronze  orifice  cast  in 
the  floor  and  opening  into  the  clear-water  basin;  and  a  copper  float  3.5  feet  in  diam- 
eter, which  actuates  a  piston  valve  24  inches  in  diameter.  By  adjusting  this  float 
the  discharge  from  each  unit  may  be  varied  from  1,132,000  to  1,386,000  gallons  per 
24  hours,  at  the  respective  rates  o'f  94,600,000  to  117,800,000  gallons  per  acre  per  day. 

The  following  table  summarizes  the  data  relating  to  the  filters: 

Number  of  units 6 

Sand  area  per  unit,  square  feet 513 

Dimensions  of  unit: 

Length  in  feet 27.  5 

Width  in  feet 18.  66 

Depth 10.  27 

Wash- water  troughs: 

Type (1) 

Number (2) 

Thickness  of  concrete,  inches 2.5 

Dimensions — 

Main  trough,  feet 27.  5  by  2.  73 

Lateral  troughs 8. 12  by  1. 41 

Per  cent  of  sand  area  covered  by  horizontal  area  of  troughs 32 

Average  distance  above  sand,  inches 24 


1  Reinforced  concrete. 


2 1  main  and  8  laterals. 
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Washiiii?  of  filters: 

Type , D 

Average  minutes  of  air 4 

Vertical  rise  of  water  per  minute,  inches  figured  on  area  below  troughs. .         17. 5 
Vertical  rise  of  water  per  minute,  inches  figured  on  area  at  plane  of  troughs .       25.  75 

Gallons  of  water  per  minute 5,  950 

Gallons  of  water  per  scjuare  foot  of  sand  surface  per  minute 11.1 

Sand  bed  lifted  above  normal,  inches 2. 5 

Loss  of  head  through  filter,  feet 16. 5 

Maximum  travel  of  suspended  partigles,  feet 2. 7 

Depth  of  water  over  edges  of  troughs 1.9 

Filter  bottom: 

Type (-) 

Manifolds,  number 2 

Laterals- 
Number 216 

Spaced,  center  to  center,  inches 6 

Length,  feet 4 

Size (^) 

Size  of  holes,  inches -^ 

Number  of  holes 3,  672 

Relation  between  area  of  holes  in  laterals  and  the  sand  surface  of 

1  filter n  to  530 

Filtering  material: 
Sand- 
Source  (") 

Depth,  inches 30 

Effective  size 0. 41 

Uniformity  coefficient 1. 70 

Gravel — 
Depth- 
Bottom  layer,  inches 8 

Middle  layer,  inches 12 

Top  layer,  inches 2 

Size- 
Bottom  layer,  inches li  to  1 

^Middle  layer,  inches I  to  J 

Top  layer,  inches i  to  ^ 

Operation: 

Loss  of  head — 

Average  initial,  feet 1.3 

Average  final ,  feet 12. 3 

Xormal  depth  of  water  over  sand,  feet 5.  75 

1  Combinpd  low- velocity  water  and  air.  *  Or  0.18  per  cent. 

2  Perforated  pipes,  Harrisburg  (Pa.)  type.  '  Chame  beach. 
'  2-inch,  nominal  diameter  galvanized-iron  pipe. 

Clear-tcatcr  basin. — This  basin  is  located  under  the  filter  building  and  has  a  ca- 
pacity of  520,000  gallons. 

Vhlorlnator. — A  chlorinator  was  installed  in  the  latter  part  of  Feliruaiy,  1916. 
Liquid  chlorine  is  applied  to  the  filtered  water  as  it  flows  from  the  clear-water  basin 
to  the  well  in  the  pump  station.  Due  to  the  present  arrangement  of  the  piping,  the 
water  with  which  the  wash-water  tank  is  filled  does  not  pass  through  the  Venturi 
meter  which  controls  the  chlorinator,  with  the  result  that  the  filtered  water  going 
both  to  the  tank  and  the  mains  is  undertreated.  The  changes  necessary  to  correct 
this  are  under  way. 

Baderiological  data. — Tables  Nos.  8  and  11,  inclusive,  marked  as  follows:  Table  No. 
8,  Numbers  of  Colonies  of  Bacteria  in  Raw  Water;  Table  No.  9,  Numbers  of  Colonies 
of  Bacteria  in  Water  Delivered  to  Mains;  Table  No.  10,  Numl)ers  of  Colonies  of  Bac- 
teria in  Samples  from  Taps  on  Distribution  System;  and  Tal)le  No.  11,  Numbers  of 
Memliers  of  the  B.  Coli  Group,  contain  monthly  summaries  of  the  bacteriological 
examinations  of  sam])Ics  of  water  made  throughout  the  year.  The  above  tables  are 
based  on  the  forms  recommended  by  the  ''Committee  on  Statistics  of  Water  Purifi- 
cation" of  the  New  England  Water  Works  Association,  with  some  changes  to  suit 
local  conditions. 
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The  following  quotalions  ure  taken  from  the  report  of  the  aljove  committee  which 
was  presented  on  January  l;5,  1915: 

'"By  the  term  'test  day'  is  meant  a  period  of  21  hours  during  which  tests  are  made." 

"Each  monthly  average,  or  mean,  should  be  obtained  by  dividing  the  sum  of  the 
daily  results  by  tne  number  of  days  on  wliich  tests  were  made  during  the  month,  that 
is,  by  the  number  of  test  days." 

" — ^— ,  and  also  for  the  sake  of  simplicity,  the  committee  recommends  that  the 
annual  average  be  taken  as  the  mean  of  tlie  12  monthly  averages." 

"The  occurrence  of  occasional  observations  which  are  abnormally  high  often  causes 
the  average  to  be  non-representative  of  the  tests  made  during  a  mouth  or  year.  Some- 
times a  single  erratic  test  will  greatly  distort  the  average  result.  For  this  reason  the 
median  as  well  as  the  mean  should  be  computed  for  each  month  and  year." 

"Literallj^,  the  median  is  the  result  which  lies  in  the  middle  of  a  series  of  results 
arranged  in  order  from  lowest  to  highest.    That  is,  it  is  that  value  above  and  below 

which  are  an  equal  number  of  higher  and  lower  values.     To  find  the  monthly 

median,  arrange  the  daily  results  obtained  during  the  month  in  order  of  magnitude. 
If  there  is  an  odd  number  of  tests,  select  the  middle  term.  If  there  is  an  even  number, 
take  as  the  median  the  average  of  the  two  middle  terms.  To  find  the  yearly  median, 
arrange  the  daily  results  for  the  entire  year  in  order  of  magnitude,  regardless  of  the 
month  in  which  they  occur.  Do  not  take  the  average  of  the  monthly  median,  or  even 
the  median  of  the  monthly  medians." 

"The  B.  coli  index  is  the  approximate  number  of  B.  coli  per  c.  c,  as  determined 
from  qualitative  tests  made  upon  the  different  quantities  of  water.  For  any  in- 
dividual sample,  it  may  be  taken  as  the  reciprocal  of  the  smallest  volume  of  water 
used  in  the  test  which  gave  a  positive  result.  Thus  if  a  sample  gave  a  negative  test 
with  0.1  c.  c,  and  a  positive  test  with  1.0  c.  c.  and  10  c.  c,  the  B.  coli  index  would  be 
1  —  0.1=10.  The  B.  coU  index  for  a  single  sample  is  not  very  accurate.  The  index 
becomes  more  and  more  precise  as  the  square  root  of  the  number  of  tests  becomes 
larger." 

"The  B.  coli  index  may  be  computed  from  a  series  of  results  as  follows:" 

"Write  down  the  percentages  of  positive  tests  for  the  given  quantities  examined, 
expressed  as  decimals  of  100." 

"Take  the  differences  between  these  percentages." 

"Multiply  each  of  these  differences  by  the  reciprocal  of  the  quantity  corresponding 
to  the  larger  of  the  two  percentages  from  wliich  such  differences  was  taken." 

"T^e  sum  of  these  products  will  be  the  B.  coli  index." 

The  following  table  contains  the  yearly  means  and  medians  of  the  numbers  of 
colonies  of  bacteria  in  the  raw  and  filtered  water  as  determined  on  nutrient  and 
lactose  agar  incubated  at  37.5°  C.  for  24  hours.  They  are  taken  from  Tables  Nos.  8  to 
10,  mentioned  above. 


Nutrient  agar. 

Lactose  agar. 

Source. 

Yearly 
mean 
per  c.  c. 

Yearly 
median 
per  c.  c. 

Yearly 

mean 

per  e.  c. 

Yearly 
median 
per  c.  c. 

K  aw  water 

t       1426 

486 
517 

380 

no 

91 

Water  delivered  to  mains .... 

325 
205 

44 
39 

8 

Water  from  taps  on  distribution  system 

11 

1  Omitting  16  abnormal  counts  above  1,000  per  c.  c.  in  October,  due  to  copper  sulphate  treatment,  the 
yearly  mean  is  reduced  to  426  per  c.  c. 

In  general,  the  numbers  of  colonies  of  bacteria  in  the  filtered  water  samples  have 
exceeded  those  in  the  raw  and  settled  water  samples.  This  was  due  partly  to  a  multi- 
plication of  bacteria  in  the  water  in  passing  through  the  sedimentation  basins,  but 
principally  to  a  multiplication  in  the  filters,  wliich  started  in  December,  1914,  10 
mouths  after  the  plant  had  been  in  operation,  and  has  continued  ever  since.  Ex- 
amination of  the  sand  at  that  time  showed  that  it  contained  large  numbers  of  small 
and  large  mud  balls.  A  bacteriological  examination  of  one  of  the  mud  balls,  mixed 
with  100  c.  c.  of  water  and  thoroughly  shaken,  show^ed  that  there  were  35,000  colonies 
of  bacteria  per  c.  c,  on  nutrient  agar  at  37.5°  C.  24  hours,  in  tlie  water,  or  3,571  per 
gram  of  dry  sand.  Gas  developed  from  both  1  and  10  c.  c.  of  the  water  inoculated  into 
lactose  bile. 
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During  the  period  from  the  starting  of  the  plant  in  February,  1914,  to  December 
of  the  same  year,  dead  microorganisms  and  organic  matter  had  gradually  accumulated 
in  the  filters,  due  to  an  inefficient  air  wash  and  a  low  velocity  water  wash.  In  the 
latter  month  a  larger  air  receiver  was  installed,  and  the  length  of  the  air  wash  increased 
to  foiu"  to  five  minutes,  thereby  thoroughly  scouring  the  sand.  In  January  and  Febru- 
ary, 1916,  the  sand  and  fine  gravel  in  all  the  filters  were  washed.  The  longer  air  wash 
has  largely  prevented  the  formation  of  mud  balls,  but  with  the  amount  of  vegetable 
matter  in  the  raw  water  a  certain  amount  of  dirt  will  always  accumulate  in  these 
filters  on  account  of  the  low  velocity  water  wash  in  use. 

The  multiplication  of  bacteria  in  the  filters  has  continued  up  to  the  end  of  the  fiscal 
year  because  it  has  been  impossible  to  eliminate  the  species  causing  the  trouble  from 
the  wash  water.  As  long  as  they  are  present  in  the  latter,  even  in  small  numbers,  they 
will  be  constantly  returned  to  the  filters  and  act  as  "starters."  One  species  formed 
\dolet  colonies  on  nutrient  agar  plates  developed  at  37.5°  C.  Soon  after  the  use  of 
liquid  chlorine  was  started  and  partially  sterilized  wash  water  became  available  this 
species  practically  disappeared. 

During  the  last  three  months  of  the  year  the  numbers  of  colonies  of  bacteria  in 
samples  of  the  effluents  from  the  filters  have  averaged  303  c.  c.  as  compared  with  779 
per  c.  c.  during  the  three  months  prior  to  the  use  of  partially  sterilized  wash  water. 
It  is  expected  tiiat  eventually  the  species  responsible  for  the  multiplication  of  bacteria 
in  the  filters  will  be  entirely  eliminated  by  washing  with  sterile  wash  water. 

The  monthly  averages  of  numbers  of  B.  coli  in  the  raw  water  varied  from  138  to 
1,419  per  liter,  with  a  yearly  average  of  805;  in  the  water  distributed  to  the  mains, 
from  0  to  193  per  liter  with  a  yearly  average  of  33;  in  the  water  collected  from  the 
distribution  system,  from  3  to  146,  with  a  yearly  average  of  56.  These  figm'es  are  based 
on  the  results  of  presumptive  tests  with  lactose  peptone  bile  incubated  for  48  hours 
at  40°  C.    AH  tests  showing  less  than  20  per  cent  of  gas  were  considered  as  negative. 

Physical  and  chemical  data.— This  is  summarized  in  Table  No.  16,  Physical  and 
Chemical  Character  of  Raw  and  Filtered  Water,  Mount  Hope  Purification  Plant. 
The  following  determinations  are  made  daily:  Odor  of  raw  and  filtered  water,  color 
of  filtered  water,  turbidity  of  raw  and  filtered  water,  and  free  carbonic  acid  of  the  raw, 
aerated,  settled,  and  filtered  water.  The  entries  in  the  table  under  these  headings 
are  the  weekly  averages  of  the  daily  determinations.  The  remaining  tests  are  made 
once  each  week  on  a  composite  of  daily  samples. 

The  apparent  color  of  the  raw  water  varied  from  16  to  77  parts.  '  The  colorof  the 
filtered  water  varied  from  0  to  10  parts.  The  turbidity  of  the  raw  water  varied  from 
0  to  24,  of  which  all  was  removed  by  the  process  of  purification.  The  free  carbonic  acid 
of  the  raw  water  varied  from  0  to  4.2  parts,  and  during  the  last  four  weeks  of  the  year 
there  was  a  carbonate  alkalinity  of  1  to  2  parts.  In  the  filtered  water  the  free  carbonic 
acid  ranged  between  2.0  and  8.1  parts.  The  alkalinity  of  the  raw  water  varied  from 
22  to  44  parts  and  that  of  the  filtered  water  from  12  to  35  parts.  The  soap  hardness  of 
the  raw  water  ranged  from  19.5  to  38  parts,  and  that  of  the  filtered  water  from  20.8  to 
31.6  parts.  The  oxygen  consumed  of  the  raw  water  varied  from  1.6  to  5.0  parts,  and 
that  of  the  filtered  water  from  0.3  to  2.9.  The  chlorine  varied  from  4.0  to  6.0  parts. 
The  raw  water  contained  from  0.2  to  1.0  parts  of  iron,  and  the  filtered  water  from  0  to 
0.25  parts. 

Operative  data. — This  is  summarized  in  Table  No.  2,  Annual  Report  of  Operation  of 
Mount  Hope  Purification  Plant  for  Fiscal  Yea-r  Ending  June  30,  1916. 

The  monthly  volumes  of  raw  water  varied  from  120,426,000  to  148,894,000  gallons, 
with  a  yearly  average  of  131,232,000  gallons.  The  monthly  volumes  of  water  delivered 
to  the  mains  varied  from  106,650,000  to  141,270,000  gallons,  with  a  yearly  average  of 
119,002,000  gallons.  The  monthly  volumes  of  wash  water  varied  from  4,724,000  to 
11,326,000  gallons,  with  a  yearly  average  of  7,435,000  gallons. 

The  "gallons  per  filter  hour"  varied  from  49,730  to  57,900  per  month,  with  a  yearly 
average  of  52,109.  The  "million  gallons  per  acre  per  day  "  varied  from  101,317,000  to 
117,960,000  per  month,  with  a  yearly  average  of  106,200,000.  The  average  filter  runs 
per  month  varied  from  12.3  to  29.3,  with  a  yearly  average  of  18.9  hours.  The  maximum 
filter  run  per  month  varied  from  17.3  hours  in  February,  1916,  to  60.8  hours,  and  60.7 
hours  in  October  and  November,  1915.  The  maximum*  runs  followed  as  a  result  of  the 
treatment  of  Brazos  Brook  Reservoir  with  copper  sulphate,  at  the  rate  of  5  pounds  per 
million  gallons,  on  October  14. 

The  "number  of  filters  washed"  varied  from  105  in  November  to  230  in  October, 
1915,  with  a  yearly  average  of  148.    The  "per  cent  of  wash  water"  varied  from  3.24  in 


,343  in  September,  1915,  to 
and  a  total  of  315,571  pounds. 
Tlie  pounds  per  million' gallons  Varie"d  from"l06  to  347  for  the  above  months,  with  a 
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yearly  average  of  ilOO.    The  parts  per  million  of  available  clilorine  applied  to  the 
liltorod  water  varied  from  0.115  to  0.137  in  the  last  three  months  of  the  year. 

Snpcrintemh'uce. — The  resident  chemists  during  the  year  were  Messrs.  C.  11.  Spauld- 
iug  and  llarry  T.  Cami)ion. 

AGUA   CLARA   PURIFICATION'   PLANT. 

This  plant,  in  operation  since  December  29, 1911,  supplies  filtered  water  to  Gatun, 
•with  a  population  of  about  1,900.  The  plant  comprises  the  following  units:  Mixing 
chamber,  sedimentation  basin,  rapid  sand  filters,  and  clear-water  basin. 

Miring  cliambn. — The  reinforced  concrete  mixing  chamber  measures  5  by  30.5  feet 
in  plan.  Eight  vertical  baffles,  forming  alternate  submerged  and  overfall' weir.s,  in- 
sure a  thorough  mixing  of  the  raw  water  with  the  alum  solution,  which  is  added  through 
a  perforated  pipe  at  the  inlet  end.  Ineffective  aeration  of  the  water  is  obtained  by 
forcing  compressed  air  into  it  as  it  passes  tlu'ough  this  chamber. 

Sedimentation  basin. — This  basin  measures  70.5  by  71  feet  in  plan  i^inside  measure- 
ments) by  10.5  feet  in  depth.  Its  capacity  is  350,000  gallons.  A  pressure  wall  sepa- 
rates it  into  two  di\isions  of  equal  size,  thus  forming  two  basins,  which  are  operated  in 
parallel.  Each  division  is  further  subdivided  by  a  baffle  wall  into  two  compartments, 
each  of  which  measures  35  by  35  feet  in  plan.  Each  baffle  wall  is  provided  with  three 
rectangular  openings,  1  foot  wide  by  5  feet  long,  placed  3.5  feet  below  the  water  level. 
Extending  across  these  baffle  walls  in  front  of  the  openings  there  are  skimming  troughs, 
wliich  reach  to  witldn  20  inches  of  the  normal  water  level.  Each  basin  is  equipped 
with  gates  at  the  inlet  and  outlet  ends,  so  that  either  one  may  be  thrown  out  of  service 
for  cleaning. 

During  the  latter  part  of  tlie  year  an  experimental  wooden  baffle  was  placed  in  each 
of  the  compartments,  into  which  the  water  first  passes  after  leaving  the  mixing  chamber. 
This  was  done  with  the  idea  of  breaking  up  some  of  the  short-circuiting  cun-enta  and 
insuring  more  efficient  sedimentation.  After  further  experiments  as  to  the  size  and 
most  suitable  position  permanent  concrete  baffles  will  be  built. 

Due  to  the  extraordinary  multiplication  of  harmless  bacteria  in  these  basins  it  has 
been  found  necessary  to  drain  and  wash  the  entire  basin  each  week.  Even  this  pro- 
cedure does  not  eliminate  the  multiplication,  as  is  shown  in  the  following  table,  made 
up  of  monthly  averages,  maxima  and  minima,  of  numbers  of  colonies  of  bacteria  in  the 
raw  and  settled  water,  from  September,  1914,  to  June,  1916,  as  determined  on  nutrient 
agar  incubated  at  37.5°  C.  for  24  hours. 


Raw  water. 


Settled  water. 


Average. 


1914. 

July 

August 

September 

October 

November 

December 

1915. 

Januarj- 

February 

March 

April 

May 

June" 

July 

Augiist 

September 

October 

November 

December 

1916. 

Januar>' 

February 

March 

April 

May 

June 


4.S8 
293 
241 
158 
3,710 
2,620 


38 
567 
152 
217 
246 
180 
248 
309 
234 
385 
630 
410 


230 
556 
517 
322 
678 
634 


Maximum. 


390 

288 
19.000 
15.000 


140 

3.000 

850 

610 

438 

400 

665 

650 

465 

3,. 500 

1.050 

860 


360 
9.50 
1,190 
1,330 
1,860 
5,150 


Minimum 


104 
64 
40 
40 


9 
3 

30 
12 

130 
85 
86 

144 
60 
48 

285 

150 


70 
265 
140 

74 
190 
200 


Average. 


393 
1.880 
1,630 
845 
518 
147 


109 
367 
51 
90 
707 
470 
170 
335 
272 
239 
395 
324 


906 
545 
393 
617 
1,370 
2,207 


Maximum.    Minimum. 


5,000 
2,760 
2,500 
1,110 


465 
2,9.50 

340 

310 

10,000 

1.300 

463 
1,950 
1.330 

725 
1.300 
1,050 


5,200 
2,400 
1,640 
3,400 
9, 500 
17,500 


52 
84 
50 
70 
70 
12.5 
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On  November  16,  1914,  and  February  16,  1915,  copper  sulphate  was  applied  to  the 
reservoir  at  the  rate  of  4  pounds  per  million  gallons.  The  large  increase  in  bacteria  in 
the  raw  water  during  the  months  of  November  and  December,  1914,  and  February, 

1915,  was  due  to  these  treatments.  The  copper  sulphate  was  applied  with  the  idea 
that  perhaps  the  large  increase  of  bacteria  in  the  raw  water  would  overcome  the  species 
wliich  were  multiplying  in  the  sedimentation  basins.  That  these  treatments  were  of 
some  benefit  is  shown  by  the  reduction  in  bacteria  in  the  settled  water  in  the  months 
of  March  and  April,  1915.  However,  in  the  succeeding  months  the  multiplication 
again  started  and  has  continued  up  to  the  present  time. 

In  general  the  bacteria  start  to  increase  the  first  day  after  the  basins  have  been 
cleaned.    The  following  table  covering  a  period  of  13  weeks  from  April  1  to  June  30, 

1916,  during  which  period  the  basins  were  cleaned  once  a  week,  illustrates  the  multi- 
plication of  bacteria  during  the  seven-day  periods  after  cleaning: 

Xumher  of  colonies  of  bacteria  on  nutrient  agar. 


Number  of  days  after  cleaning. 

1 

2 

3 

4 

5 

6 

7 

Raw  water  entering  north  basin: 

Average 

238 
250 

279 
210 

459 
350 

279 
210 

459 
350 

1,570 
665 

553 
500 

1,570 
665 

553 
500 

1,220 
950 

8S1 
400 

1,220 
950 

,SS1 
400 

1,270 
1,140 

617 
450 

1,270 
1,140 

617 
450 

1,210 
720 

421 
310 

1,210 
720 

421 
310 

1,620 
675 

465 

400 

1,620 
675 

465 

40O 

Settled  water  from  north  basin: 

Average      

1,474 

Median 

1,000 

Raw  water  entering  south  basin: 

Average 

354 

Median , 

250 

Settled  water  from  south  basin: 

Average 

1,474 

1,000 

On  account  of  leaky  gates  it  is  impossible  to  prevent  water  running  from  the  basin 
in  use  to  the  one  being  cleaned,  as  a  result  of  which  the  clean  basin  is  always  seeded 
with  the  bacteria  which  multiply  so  rapidly.  It  is  impracticable  to  shut  down  the 
entire  plant  once  a  week  so  that  both  basins  may  be  cleaned  at  once.  Up  to  the 
present  time  the  method  of  eliminating  the  multiplication  of  bacteria  in  these  basins 
has  not  been  found,  but  it  is  expected  that  further  studies  will  solve  the  problem. 

The  percentages  of  water  wasted  by  cleaning  the  basins  during  the  fiscal  year  have 
run  from  4.8  to  8.58,  with  a  yearly  average  of  6.54. 

At  the  filter  building  end  of  the  basins  the  settled  water  enters  a  receiving  box  from 
which  it  passes  upon  the  filters  through  a  16-inch  cast-iron  pipe. 

Rapid  sand  filters. — There  are  four  rapid  sand  gravity  filters,  constructed  of  reinforced 
concrete,  measuring  17  feet  square  by  9  feet  deep  to  the  floor,  on  which  the  under- 
drainage  system  is  placed.  They  are  aiTanged  in  two  rows  of  two  units  each,  with 
the  operating  floor  and  pipe  gallery  between.  Each  unit  has  a  sand  area  of  279  square 
feet,  or  0.0066  of  an  acre.  If  operated  at  a  rate  of  98,000,000  gallons  per  acre  per  day 
each  unit  will  deliver  646,800  gallons  per  24  hours. 

During  the  first  half  of  the  fiscal  year  these  filters  were  overhauled;  the  work  con- 
sisting of  removing  and  cleaning  the  laterals,  changing  the  air  system,  replacing  the 
steel  wash-water  troughs  with  larger  ones  of  concrete,  and  reaiTanging  the  gravel  and 
sand.     At  present  the  interior  ecjuipment  of  the  filters  is  as  described  below. 

Embedded  in  the  floor  is  an  undordrainage  system  of  the  Ilarrisburg  (Pii-)  tApe, 
composed  of  parallel  2-inch  galvanized  pipes,  4  feet  long,  spaced  6_  inches  apart, 
center  to  center,  and  perforated  on  the  water  sides  with  holes  seven  thirty-seconds  of 
an  inch  in  diameter,  which  are  spaced  on  3-inch  centers. 

A  4-inch  air  Line  is  laid  along  the  center  line  of  the  filter,  1  foot  9  inches  above  the 
floor.  Three  2-inch  lines  lead  from  the  main  air  line  to  each  of  the  two  manifolds, 
and  are  tapped  into  the  latter  at  three  ])oints  ecjually  distant  from  ouch  other  and  the 
ends  of  the  filters,  so  as  to  in.'^ure  as  even  a  distribution  of  the  air  a.s  possible. 

In  each  filter  there  are  24  inches  of  (/hagres  River  gravel,  arranged  in  three  layers, 
as  follows: 
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]-ayer. 

Thick- 
ness. 

Inches. 

8 

12 
4 

Passed  by  1 3-inch  square  mesh. 

Middle                      

Retained  on  1-inch  square  mesh. 
Passed  by  1-inch  square  mesh. 

Top                           

Retained  on  xVinch  square  mesh. 
Between  xV  and  y\  inch  diameter. 

Thirty  inches  of  Chame  Beach  sand,  with  an  average  effective  size  and  uniformity 
coefBcient  of  0.44  and  1.81,  respectively,  complete  the  filtering  material. 

Previous  to  the  air  wash  the  filtering  material  is  loosened  by  a  small  amount  of  wash 
water,  so  as  to  obtain  a  better  distribution  of  air.  A  larger  air  receiver  was  also  installed 
at  this  plant  during  the  year  in  order  to  provide  an  air  wash  of  four  to  five  minutes. 
As  at  the  Mount  Hope  purification  plant,  it  has  been  found  that  scouring  of  the  sand 
by  air  is  very  important  in  preventing  the  formation  of  an  excessive  amount  of  mud 
balls.  After  the  air  wash,  water  is  applied  at  the  rate  of  3.800  gallons  per  minute,  or 
13  gallons  per  square  foot  of  sand  siu'face,  equivalent  to  a  21-inch  vertical  rise  per 
minute.  The  sand  is  lifted  3  inches  above  its  normal  elevation.  The  wash  water  ia 
removed  by  two  parallel  concrete  troughs. 

Each  filter  is  equipped  with  hand-operated  valves  and  a  loss-of-head  gage.  The 
discharge  from  each  filter  is  regulated  by  a  controller.  By  the  use  of  circular  plates 
of  different  diameters  the  rate  of  filtration  may  be  varied  from  60,000,000  to  98,000,000 
gallons  per  acre  per  day. 

The  following  table  summarizes  the  data  relating  to  the  filters: 

Number  of  units 4 

Sand  area  per  unit,  square  feet 289 

Dimensions  of  unit: 

Length,  in  feet 17 

Width,  in  feet 17 

Depth,  in  feet 9 

Wash-water  troughs: 

Type C) 

Number -2 

Thickness  of  concrete,  inches 2.  5 

Dimensions  of  each — 

Length  in  feet 16.  91 

Width,  in  feet '. 1.  91 

Per  cent  of  sand  area  covered  by  horizontal  area  of  troughs 22.  3 

Average  distance  above  sand,  inches 22 

Washing  of  filters: 

Type e) 

Average  minutes  of  air 4-5 

Vertical  rise  of  water  per  minute,  inches,  figured  on  area  below  troughs. . .  21 

Vertical  rise  of  water  per  minute,  inches,  figured  on  area  at  plane  of  troughs  27. 1 

Gallons  of  water  per  minute 3,  800 

Gallons  of  water  per  square  foot  of  sand  surface  per  minute 13 

Sand  bed  lifted  above  normal,  inches. .- 3 

Loss  of  head  through  filter,  feet 13.  8 

Maximum  travel  of  suspended  particles,  feet 3.  25 

Depth  of  water  over  edges  of  troughs,  inch 1 

Filter  bottom: 

Type () 

Manifolds,  number 2 

Laterals — 

Number 124 

Spaced,  center  to  center,  inches 6 

Length,  feet 4 

Size (') 

Size  of  holes,  inches st 

Number  of  holes 2, 176 

Relation  between  area  of  holes  in  laterals  and  the  sand  surface  of  one 
filter «lto509 


'  Reinforced  concrete. 

2  Parallel. 

3  Combined  low  velocity,  water  and  air. 


*  Perforated  pipes  (Harrisburg,  Pa.,  type). 

'-  Two-inch  nominal  diameter,  galvanized-iron  pipe. 

«  Or  0.19  per  cent. 
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Filtering  material: 
Sand — 

Source (') 

Depth,  inches 30 

Effective  size 0.  44 

Uniformity  coefficient 1.  81 

Gravel — 
Depth- 
Bottom  layer,  inches 8 

Middle  layer,  inches 12 

Top  layer,  inches 4 

Size- 
Bottom  layer,  inches 1 J  to  1 

Middle  layer,  inches 1  to  ^ 

Top  layer,  inches re  to  f^ 

Operation: 

Loss  of  head — 

Average  initial,  feet 0.  6 

Average  final,  feet 7.5 

Normal  depth  of  water  over  sand,  feet 4. 16 


1  Chame  Beach. 

'  Clear-water  basin. — The  controllers  discharge  into  a  cast-iion  i)ipe,  which  in  turn 
discharges  into  a  covered  concrete  clear-water  well,  which  is  located  a  short  distance 
from  the  filter  building,  and  has  a  capacity  of  225,000  gallons. 

Chemical  treatment.— The  continual  low  alkalinity  of  the  raw-water  supply  of  this 
plant,  14  to  20  parts  per  million,  with  the  amomit  of  alum  necessary  for  the  removal 
of  the  color,  which  has  varied  from  30  to  110  parts  during  the  fiscal  year,  have  produced 
conditions  such  that  it  was  considered  advisable  and  necessary  to  increase  the  alka- 
linity and  decrease  the  amount  of  free  carbonic  acid  in  the  filtered  water  by  the 
addition  of  soda  ash  or  lime.  The  application  of  the  former  chemical  was  started  in 
the  early  part  of  February.  The  use  of  settled  water  with  zero  alkalinity  and,  at  times, 
an  alum  acidity  caused  a  shortening  of  the  filter  runs  to  about  four  hours,  a  cement- 
ing together  of  the  sand,  with  the  formation  of  hard  spots  in  the  filters,  a  marked  cor- 
rosive action  on  serAice  pipes,  and— most  important  of  all — a  harmful  physiological 
effect.  ,*<«>*-~r 

The  addition  of  soda  ash  to  the  raw  water  prior  to  the  application  of  alum  was  tried 
first,  but  the  "fixing"  of  the  color  rendered  its  subsequent  removal  by  the  latter 
solution  more  difficult,  so  that  this  method  of  treatment  was  abandoned.  The  addi- 
tion of  the  soda  ash  to  the  raw  water  immediately  after  the  application  of  alum  was  an 
improvement,  but  it  was  found  that  the  "fixing"  of  the  color  still  continued,  and  that 
in  order  to  obtain  an  alkalinity  of  10  parts  the  former  would  run  as  high  as  25  parts. 

On  account  of  the  high  price  of  soda  ash,  lime  was  substituted  near  the  end  of 
February.  After  numerous  laboratory  experiments,  it  was  decided  to  introduce  a 
satiuated  solution  of  lime  water  into  the  partially  decolorized  and  clarified  raw  water 
as  it  passed  from  one  compartment  of  the  settling  basin  to  the  other.  After  consider- 
able interruption  of  the  operation  of  the  plant,  due  to  the  various  changes  necessitated 
by  this  treatment  the  lime  and  alum  were  so  regulated  as  to  give  a  filtered  water, 
uiider  normal  working  conditions,  of  the  following  characteristics: 

From  operating  report  for  week  ending  July  1,  1916.  \ 


Color." 

Free 

carbonic 

acid.' 

Alka-  > 
linity.' 

Iron.2 

Soa|), 
hard- 
ness.2 

65-110 
3-7 

3.0-7.5 
2.0-3.5 

19-21 
11-18.5 

1.45 
0.1 

13.5 

.  20.0 

L.      i 

1  Daily  determinations. 


2  Weekly  composite  of  daily  samples. 


The  amount  of  alum  consumed  during  the  above  week  varied  from  380  to  406 
pounds  and  the  lime  from  115  to  140  pounds  per  million  gallons. 

In  order  to  obtain  the  best  results  from  the  treatment  of  a  raw-water  supply  of  Ihia' 
composition,  with  a  fixed  plant  arrangemert,  it  is  necessary  to  effect  the  removal 
and  precipitation  of  a  large  proportion — the  larger  the  better — of  the  coloring  matter] 
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and  iron  prior  to  the  addition  of  the  lime.  In  order  to  assiat  in  (he  accomplish ment 
ot  t  his  a  temporary  wooden  baffle  was  erected  in  eachof  the  compartments  oi  the  basins 
into  which  tiie  raw  water  first  discharges.  It  was  noticed  that  there  was  a  short  cir- 
cuiting of  the  floe  from  the  inlets  to  these  compartments  to  the  slots  in  the  concrete 
baHle  walls,  35  feet  away^  and  at  which  points  the  lime  solution  was  added  This 
baffle  has  effected  a  considerable  improvement,  but  the  final  size  and  position  to 
give  the  best  results  will  be  decided  upon  later.  Experiments  are  also  under  way 
in  the  line  of  aerating  the  raw  water  after  the  addition  of  alum,  in  order  to  remove 
some  of  the  free  carbonic  acid  liberated  by  this  coagulant,  and  consequently  effect 
a  considerable  reduction  in  the  amount  of  lime. 

\\'ith  an  average  daily  output  of  700,000  gallons  of  filtered  water  it  had  been  the 
practice  to  operate  two  or  more  filters  intermittently  during  the  day  and  ni'dit  thus 
calhng  for  a  similar  application  of  alum  and  lime.  As  this  interfered  with  tlie 'treat- 
ment of  the  water,  the  delivery  of  the  controllers  was  so  adjusted  that  the  dischar<^e 
from  one  filter  would  practically  equalize  the  pumpage  of  water  into  the  mains       ° 

Some  idea  of  the  action  of  the  filtered  water  from  this  plant,  when  containing  from 
3.5  to  5.5  parts  of  free  carbonic  acid,  11  to  14  parts  of  alkalinity,  8  to  13  parts  of  color 
and  0.1  to  0.4  parts  of  iron,  on  galvanized-iron  pipe  may  be  obtained  from  the  following 
data.  This  pipe  has  been  m  service  about  4^  years.  Its  length  is  not  known  at  the 
present  time.  It  carries  filtered  water  to  the  laboratory  and  is  in  constant  use  during 
the  day,  but  shut  off  during  the  night.     The  determinations  under  the  heading  of 

\\  ater  standmg  over  night "  were  made  from  liter  samples  collected  from  the  first 
water  dra^vn  in  the  morning  after  the  water  had  been  shut  off  from  about  5  p  m  to 
7.30  a.  m.  The  determinations  under  the  heading  of  "Water  after  runnino-  15  rnin- 
utes"  were  made  on  samples  collected  about  15  minutes  later  than  those  lisFed  under 
the  first  heading,  during  which  time  the  water  was  constantly  runnin"  with  the  tap 
wide  open.    Its  temperature  averaged  about  28°  C.  *  ° 


Date. 


Water  standing  over  night. 


Water  after  rtmning  15  minutes. 


Alka- 
linity. 


May  5. . 
May  6. . 
May?.. 
May  8. . 
May  9.. 
May  10. 
MayH. 
May  12. 
May  13. 
May  14. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  28. 
May  29. 
May  30. 
May  3,1. 
June  2.. 
Junes.. 
June  6. . 
June?.. 
June  9.. 
June  10. 
June  12. 
June  14. 
June  15. 


12.5 
11.5 
14.0 
15.0 
12.0 
16.0 
14.0 
IS.  5 
14.0 
15.0 
13.5 
12.5 
11.5 
11.5 
14.0 
16.0 
15.0 
13.5 
16.5 
19.0 
19.0 
16.5 
17.0 
16.0 
11.5 
15.5 
15.0 
12.0 


Free  car- 
bonic 
acid. 


?.0 
8.0 
6.5 
6.5 
6.5 
6.0 
5.0 
2.5 
6.0 
6.5 


7. 
6. 

3! 

5. 

4. 

5.0 

5.0 

6.0 

5.0 

2.0 

4.0 

4.0 

3.5 

4.5 

5.5 

6.0 

5.5 


Color. 


Iron. 


40 
50 
40 
55 
110 
33 
55 
50 
55 
65 
34 
38 
90 
30 
50 
32 
55 
45 
40 
70 
32 
32 
28 
29 
33 
45 
55 
33 


1.60 
2.05 
1.80 
2.15 
4.10 
1.30 
1.70 
1.70 
1.65 
1.05 
1.15 
1.00 
2.65 
.65 
1.90 
1.15 
1.75 
1.40 
1.30 
2.55 
1.40 
1.30 
1.30 
.70 
1.25 
.35 
.55 
.95 


Alka- 
linitv. 


12.5 
10.5 
14.0 
15.0 
15.5 
14.0 
12.5 
13.5 
13.0 
8.5 
21.0 
11.5 
11.0 
12.0 
13.0 
9.0 
10.0 
15.0 
15.0 
20.5 
17.5 
15.5 
14.5 
13.5 
10.0 
9.5 
10.0 
9.5 


Free  car- 
bonic 
acid. 


7.0 
8.0 
6.5 
4.5 
4.0 
4.0 
5.5 
4.0 
4.0 
6.5 
5.5 
5.5 
5.0 
3.5 
5.0 
4.5 
6.5 
7.0 
3.5 
4.0 
4.5 
2.5 
4.0 
3.5 
5.5 
5.5 
6.5 


Color. 


IroQ. 


0.70 
.55 
.65 
.35 
.45 
.45 
.40 
.35 
.50 
.50 
.30 
.25 
.30 
.20 
.50 
.55 
.30 
.15 
.25 
.55 
.90 
.40 
.20 
.70 
.80 
.20 
.25 
.10 


From  these  data  it  is  seen  that  comparatively  large  amounts  of  iron  are  taken  up  by 
this  water  while  standmg  in  the  pipe  for  14-hour  periods.  Undoubtedly  all  of  the 
galvanizmg  has  been  removed  from  the  pipe,  for  in  most  of  the  samples  collected  after 
the  water  had  been  running  for  15  minutes  the  iron  content  was  larger  than  in  the 
discharge  from  the  filters.  Equally  large  amounts  of  iron  have  been  found  in  samples 
collected  under  similar  conditions  from  service  pipes  of  different  buildings.  Not 
only  IS  there  an  iron  taste  m  such  water,  but  it  forms  rust  spots  on  clothes  during  wash- 
ing, stams  porcelam  fixtures,  and  affects  the  taste  of  coffee,  tea,  and  cocoa. 
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On  June  15,  1916,  42  feet  of  new  pralvanized-iron  pipe,  which  had  never  been  used, 
was  connected  directly  to  the  pump  discharge  for  experimental  purposes.  A  brass 
faucet  was  phiced  on  the  other  end.  From  8  a.  m.  to  5  p.  m.  on  each  day  filtered 
water  was  running  through  this  pipe  at  the  rate  of  about  1  gallon  per  minute.  From 
5  p.  m.  to  8  a.  m.  the  water  is  shut  off. 

The  analyses  of  the  samples  collected  up  to  date  are  given  in  the  following  table. 


Water  standing 

over  nig 

ht. 

Water  after  running  1  hour. 

Date. 

Alka- 
linitj^ 

Free  car- 
bonic 
acid. 

Color. 

Iron. 

Alka. 
linity. 

Free  car- 
bonic 
acid. 

Color. 

Iron. 

1916.      . 

11.0 
16.  0 
11.0 
12.5 
10.0 
14.5 
12.5 
14.5 
11.5 
12.5 
V\  0 
15.5 
20.0 
19.0 
17.0 

5.5 
2.5 
8  0 
3  0 
5.0 
3.5 
4.5 
3  5 
5.5 
3.0 
2.0 
4.0 
2.0 
2.0 
2.0 

0 

9 
4 
10 
9 
6 
S 
4 
6 
8 
5 
4 
7 
7 
3 

0  65 

.Tune  16 

46. 5 
38.5 
11.5 
22.  5 
19.5 
1.5.  5 
19.0 
20.0 
26.0 
22.0 
23.5 
21.5 
2.8.5 
■         28.5 

3.5 
7.0 
If,.  0 
8.5 
6.5 
3.0 
6.5 
3.0 
2.0 
3.5 
2.5 
3.0 
1.5 
1.5 

20 
15 
10 
10 
10 
9 
12 
15 
10 
10 
12 
10 
15 
15 

0.45 
.  25 

1.35 
.70 
.20 

1.00 
.65 
.30 
.90 
.  35 
.15 
.35 
.40 
.35 

.10 

.10 

Jiine  18 

.20 

June  19 

.15 

Jun620 

.10 

.20 

June  22 

June  23 

.15 
.15 

.20 

June  26 

.10 

June  27 

.10 

June  28 

.20 

June  29 

.15 

June  30 

.10 

The  noticeable  amounts  of  color  and  iron  in  the  samples  of  water  collected  after 
standing  overnight  indicate  that  even  with  a  larger  amount  of  alkalinity  and  smaller 
amount  of  free  carbonic  acid  the  filtered  water  still  has  a  marked  corrosive  action 
on  galvanized  iron  pipe.  During  the  15  days  covered  in  the  above  table  the  dis- 
solved oxygen  averaged  about  6.7  parts  per  million,  or  85  per  cent  of  saturation. 

The  action  of  this  water  on  lead  pipe  is  also  under  observation,  bxit  a  sufficient 
number  of  lead  analyses  have  not  been  made  to  permit  a  definite  conclusion  as  to 
whether  or  not  it  will  be  permissible  to  use  it  for  service  pipes  in  place  of  galvanized 
iron  pipe. 

Bacteriological  data. — Tables  INos.  12  to  14,  inclu.sive,  marked  as  follows:  Table  No. 
12,  Numbers  of  Colonies  of  Bacteria  in  Raw  AVater;  Table  No.  13,  Numbers  of  Colo- 
nies of  Bacteria  in  Water  Delivered  to  Mains;  and  Table  No.  14,  Numbers  of  Members 
of  the  B.  Coli  Group,  contain  monthly  summaries  of  the  bacteriological  examinations 
of  samples  of  water  made  throughout  the  year. 

The  following  table  contains  the  yearly  means  and  medians  of  the  numbers  of 
colonies  of  bacteria  in  the  raw  and  filtered  water  as  determined  on  nutrient  and 
lactose  agar  incubated  at  37.5°  C.  for  24  hours.  They  are  taken  from  Tables  Nos.  12 
and  13. 


Nutrient  agar. 

Lactose  agar. 

Yearly 

mean 

per  c.  c. 

Yearly 
media'n 
per  c.  c. 

Yearly 

mean 

per  c.  c. 

Yearly 
median 
per  c.  c. 

421 
594 

324 
400 

106 
36 

90 

Water  delivered  to  mains 

16 

As  at  the  Mount  Hope  purification  plant,  the  numbers  of  colonies  of  bacteria  in 
the  filtered  water  have  exceeded  or  equaled  those  in  the  raw  and  settled  water  sam- 
ples. This  has  been  due  partly  to  a  multiplication  of  bacteria  in  the  walor  passing 
through  the  sedimentation  basins  and  partly  to  a  multiplication  in  the  filters  which 
started  in  the  latter  part  of  the  fiscal  year  ending  June  30,  1914,  and  has  continued 
ever  since. 

The  elimination  of  the  multiiilication  of  bacteria  in  the  sedimentation  basins  and 
the  sterilization  of  the  filtered  water  will  be  neces.sary  in  order  to  effect  a  reduction 
of  bacteria  in  the  latter.     Not\\-ithstanding  the  negative  "bacterial  removal "'  of  both 
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the  Mount  Hope  and  Agiia  Clara  purification  plants,  no  cases  of  typhoid  fever  nor 
any  other  ^vater-borne  disease  have  been  traced  to  the  use  of  water  from  these  plants 
Ihe  monthly  averages  of  numbers  of  B.  Coli  in  the  raw  water  varied  from  24  1  t<i 
3,243  per  liter  with  a  yearly  average  of  1,162;  in  the  filtered  water  delivered  to  the 
mains,  from  0  to  213  per  liter  ^vlth  a  yearly  average  of  45;  in  the  water  collected  from 
the  distribution  system,  from  0  to  100  per  liter  with  a  yearly  avera^^e  of  42 

i'hysicalcmd  chemmil  data.— This  is  summarized  in  Table  No.  17,  Physical  and 
Chemical  Character  of  Raw  and  Filtered  Water,  Agua  Clara  Purification  Plant  The 
following  determinations  are  made  daily:  Odor  of  raw  and  filtered  water,  tinbidity  of 
raw,  sett  ed,  and  filtered  water,  color  of  raw  and  filtered  water,  and  free  carbonic 
and  of  the  raw,  sett  ed,  and  filtered  water.  The  entries  in  the  table  under  these 
headings  are  the  weekly  averages  of  the  daily  determinations.  The  remaining  tests 
with  the  exception  of  nitrites,  nitrates,  and  dissolved  oxygen,  are  made  once  each 
week  on  a  composite  of  daily  samples.  a  c  uuei.  eatn 

The  apparent  color  of  the  raw  water  varied  from  30  to  110  parts.  The  color  of  the 
filtered  water  varied  from  0  to  24,  the  latter  color  due  to  experiments  with  lime 
The  odor  ot  the  raw  water  ranged  from  Iv  to  3  e,  and  that  of  the  filtered  water  from  0  to 
1  v  plus  1  e  The  turbidity  of  the  raw  water  varied  from  13  to  45  parts  The  free 
carbonic  acid  of  the  raw  water  varied  from  0  to  8  parts.  In  the  filtered  water  the  ran-e 
wa^s  from  1.5  to  6.5  parts.  The  alkaUnity  of  the  raw  water  varied  from  14  to  20  parts 
and  that  of  the  filtered  water  from  4  to  16.5  parts.  The  soap  hardness  of  th^raw 
v^ater  ranged  from  11  1  to  24.7,  and  that  of  the  filtered  water  from  14.3  to  33  parts 
The  oxygen  consumed  of  the  raw  water  varied  from  3.4  to  8.95  parts,  and  that  of  the 
filtered  water  from  0.2  to  5.35  parts.  The  chlonne  varied  from  5  to  7  5  parts  The 
raw  water  contained  from  0.3  to  2.05  parts  of  iron,  and  the  filtered  water  from  0  05 
to  0.9  part.  In  the  last  five  months  of  the  year  nitntes  and  nitrates  were  absent 
fo^/^l  ?7  ^^^  ^^^"^'^^  r*^'-  ^^^  dissolved  oxygen  in  the  raw  water  vaHedTom 
3.93  to  8.16  parts,  equivalent  to  48.6  to  91  per  cent  of  saturation.  The  dissolved 
oxygen  m  the  filtered  water  varied  from  5.6  parts  to  7.6  parts,  equivalent  to  70  to 
93  per  cent  of  saturation. 

Operative  c?ata.-This  is  summarized  in  Table  No.  3,  Annual  Report  of  Operation 
of  Agua  Clara  Piu-ification  Plant  for  Fiscal  Year  Ending  June  30   1916  i^^^'^^^'^" 

The  monthly  volumes  of  raw  water  varied  from  20,625,000  to  24  480  000  2-allons 
with  a  yearly  average  of  22,580,000  gallons.     The  monthly  volumes  of  water  delivered 
?  10?  om'^'iT^''"'^  ^V"""  18-^000  to  21,605,000  gallons,  with  a  yearly  average  of 
?  4-?ASn^  gallons.     The  monthly  volumes  of  wash  water  varied  from  614,000  to 
l,7o6,000  gallons,  with  a  yearly  average  of  1,235,000  gallons 

The  "gallons  per  filter  hour"  varied  from  24,300  to  31,500  per  month  with  a  vearlv 
fj  nT^nn  non^^^v J^^  "nulHon  gallons  per  acre  per  day"  varied  fi'om  88,400,000 
to  114,500,000  with  a  yearly  average  of  102,200,000.  The  average  filter  runs  per 
month  varied  from  9.2  to  32  9,  with  a  yearly  average  of  16.2  hours^  The  maxiLSm 
tL-''  per  month  varied  from  16.7  in  January.  1916,  to  58.8  hours  in  April,  1916. 
1  he  number  of  filters  washed  varied  from  28  in  April  to  87  in  January,  1916  with 
a  yearly  average  of  54 .  The  ' '  percentage  of  wash  water  "  varied  from  2 .96  In  March  to 
7.90  m  January,  1916,  with  a  yearly  average  of  5.82. 

_  The  pounds  of  alum  consumed  per  month  varied  from  4,908  in  July  1915  to  8  34'> 
in  June,  1916  with  a  yearty  average  of  6,279,  and  a  total  of  75,343'pounds  The 
pounds  per  million  gallons  varied  from  221  to  388  for  the  above  months,  with  a  yearly 
average  of  277  During  the  last  four  months  of  the  year  th e  pounds  of  lime  consumed 
averaged  3,108,  or  144  pounds  per  million  gallons. 

Supenntendmce.--The  resident  chemists  during  the  year  were  Messrs.  Harry  T 
Campion  and  Theodore  R.Kendall. 

MIRAFLORES   PURIFICATION    PLANT. 

This  plant,  in  operation  since  March  14,  1915,  supplies  filtered  and  sterilized  water 
to  Paraiso  Pedro  Migue  ,  Corozal,  Balboa,  Balboa  Heights,  Ancon,  and  Fort  Grant,  in 
^- nnn^'^^rl.T,  ^''^'  ^^^'  /^^  ^^^^  ^^  Panama,  with  a  combined  population  of  about 
/.D,000.  The  source  of  the  raw  water  is  the  Chagres  River  arm  of  Gatun  Lake  at 
Gamboa.  This  river  is  approximately  65  miles  long,  with  a  drainage  basin  of  559 
square  miles.  Gatun  Lake  backs  up  the  river  for  about  10  miles,  so  that  a  mixture 
ot  tfie  two  waters  forms  the  raw-water  supply  of  the  filter  plant.  The  plant  comprises 
tne  tollo\ying  units:  Aeration  basin,  sedimentation  basin,  rapid  sand  filters,  clear- 
water  basm,  and  sterilization  chamber. 

Aemtion  hadn.—This  basin,  measuring  86  by  130  feet,  is  equipped  with  105  nozzles, 
wmcli  are  arranged  in  7  batteries  of  J 5  each.  The  nozzles  are  so  adjusted  that,  under 
oramary  operatmg  conditions,  the  raw  water  is  discharged  at  an  angle  of  20  degrees  in 
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a  thin  sheet,  which  breaks  up  into  coarse  or  fine  drops,  depending  upon  the  height  to 
which  the  water  is  thrown,  which  averages  about  15  feet.  The  following  table  shows 
the  reduction  in  free  carbonic  acid  effected  by  the  aeration: 

Free  carhonk  acid. 


Months. 

Raw  water. 

Aerated  water. 

Median. 

Mean. 

Maximum. 

Minimum. 

Median. 

Mean. 

Maximum. 

Minimum. 

1915. 

July 

3.8 
4.0 
4.0 
4.5 
4.0 
3.0 

3.5 
3.5 
4.0 
5.0 
4.5 
4.0 

3.6 

4.2 
4.1 
4.9 
3.8 
2.9 

3.5 

3.55 

4.1 

4.9 

4.7 

3.9 

5.5 
6.5 
7.0 
8.0 
7.0 
4.5 

5.0 
4.5 
5.0 
6.0 
7.0 
6.0 

1.2 
3.0 
1.5 
3.5 
1.5 
1.5 

2.0 
2.5 
3.0 
3.0 
3.5 
2.5 

1.5 
1.5 
1.5 
2.5 
1.5 
1.5 

1.7 

r.5 

2.0 
2.5 
2.0 
1.5 

1.6 

1.65 

1.63 

2.4 

1.65 

1.37 

1.7 
1.65 

2. 2 
2^3 
2.0 
1.6 

3.8 
3.0 
3.0 
3.5 
3.5 
2.0 

3.0 
2.5 
4.0 
3.5 
2.5 
2.5 

1.0 

1.0 

September 

.5 
1.5 

November 

December 

1916. 

.5 
1.0 

1.0 

Febmarj- 

March 

.5 
1.0 

1.5 

May 

1.0 

.5 

Based  on  the  difference  between  the  means,  the  percentage  reductions,  in  the  order 
of  the  months,  run  as  fellows:  55,  61,  61,  45,  57,  54,  52,  54,  47,  53,  57,  and  59. 

The  addition  of  free  carbonic  acid  due  to  the  use  of  alum,  varying  from  119  to  249 
pounds  per  million  gallons,  increased  the  final  content  of  the  filtered  water  to  2.7  to 
13.5  parts  per  million,  with  a  general  average  of  about  6  parts. 

The  following  table,  prepared  from  37  determinations  of  dissolved  oxygen,  shows  the 
increase  effected  by  the  aeration: 


Parts  per  million. 

Ter  cent  of  satura- 
tion. 

Raw. 

Aerated. 

Raw. 

Aerated. 

4.43 
5.23 
7.30 
3.20 

7.50 
7.64 
8.03 
6.66 

62.5 
6i.4 
77.0 
40.7 

92.0 

94.3 

78.0 

84.0 

The  varying  intensities  of  the  odors  in  the  raw  water  have  always  been  reduced  by 
the  aeration,  so  that  the  filtered  water  has  never  been  characterized  by  an  odor  of  an 
intensity  greater  than  1,  using  Whipple's  scale  as  a  basis. 

The  aerated  water  flows  over  three  weirs  into  three  concrete  mixing  chambers 
located  in  the  basement  of  the  head  house.  Each  chamber,  37  feet  long,  15  feet  wide, 
and  8  feet  deep,  is  divided  transversely  into  eight  compartments  by  6-inch  walls,  which 
form  alternate  submerged  and  overfall  weirs".  The  alum  solution  is  added  to  the 
aerated  water  as  it  enters  the  first  compartments  of  the  mixing  chambers  by  means  of  a 
specially  designed  orifice  box. 

Sedimentation  basins. — After  passing  through  the  mixing  chambers,  the  raw  water 
discharges  into  three  cross-connected  parallel  concrete  sedimentation  basins.  The 
length  of  each  basin  is  300  feet,  the  combined  width  of  the  three  is  125  feet,  and  the 
depth  at  the  floor  valleys  is  17.75  feet  and  that  at  the  summits  16.5  feet.  At  the 
present  time  an  average  sedimentation  period  of  11  hours  is  obtained. 

Each  basin  is  divided  into  three  compartments  by  two  pressure  baflle  walls,  which 
are  provided  with  five  rectangular  openings,  1.5  feet  wide  by  6  feet  long,  ])laced  3.5 
feet  below  the  water  level.  Extending  across  these  baflle  walls  in  front  of  the  oi)ening3 
there  are  concrete  skimming  troughs  which  reach  to  within  a  foot  of  the  normal  water 
level.  Between  the  pressure  walls  there  are  two  light  baflle  walls  which  contain  four 
openings  6  feet  wide,  extending  from  within  2 .5  feet  of  the  top  to  3  feet  from  the  bottom 
of  the  basin.     All  of  the  valves  on  the  uuderdrainage  svstem  of  the  basins  are  hydrau- 
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lically  operated  gate  valves  controlled  from  an  operating  table  located  in  the  head 
house. 

By  means  of  weirs  in  the  two  divisional  walls  at  the  inlet  end  the  three  basins  may  be 
operated  as  one  large  basin,  water  passing  from  one  to  the  other.  Each  basin  is  also 
equipjied  with  gates  at  the  outlet  end,  so  that  any  one  may  be  thrown  out  of  service 
for  cleaning. 

Only  0.66  per  cent  of  the  water  treated  with  alum  was  wasted  in  cleaning  the  basin 
at  this  plant,  as  compared  with  5.88  and  6.54  per  cent  at  the  Mount  Hope  and  Agua 
Clara  plants.  A  similar"  multiplication  of  bacteria  does  not  interfere  with  the  operation 
of  the  plant,  as  the  following  table  shows: 


Numbers  of  colonies  of  bacteria  per  c.  c. 
[Nutrient  agar  at  37.5"  C,  24  hours.) 


Month. 


Raw  water. 


Settled  water. 


Mean.      Maximum.    Minimum.      Mean.      Maximum.    Minimum 


1915. 

July 

August 

Sept-ember 

October 

November 

December 

191G. 

January 

February 

March 

April 

May 

June 


27-1 

825 

197 

868 

201 

1,270 

175 

250 

465 

1,450 

285 

768 

196 

480 

147 

460 

152 

282 

H50 

832 

248 

680 

405 

4,500 

19 

152 

290 

14 

133 

950 

87 

96 

360 

45 

46 

131 

79 

65 

190 

80 

85 

226 

22 

191 

550 

39 

108 

790 

59 

117 

206 

L30 

256 

1,050 

108 

123 

400 

92 

273 

1,788 

At  the  filter  building  end  of  the  sedimentation  basin  the  settled  water  enters  a 
receiving  box  from  which  it  passes  upon  the  filters  through  two  30-inch  cast-iron  pipes. 

Rapid  sand  filters. — There  are  14  rapid  sand  gravity  filters,  constructed  of  reinforced 
concrete,  measuring  19.75  by  21.5  feet,  and  11  feet  deep  to  the  floor,  in  which  the  under- 
drainage  system  is  placed.  They  are  arranged  in  two  rows  of  7  units  each,  with  the  oper- 
ating floor  and  pipe  gallery  between.  Each  unit  has  a  sand  area  of  425  square  feet,  or 
0.00975  of  an  acre,  making  a  total  of  5,950  square  feet.  If  operated  at  a  rate  of  125,000,- 
000  gallons  per  acre  per  day  each  unit  will  deliver  1,220,000  gallons  per  24  hoiu-s. 

In  place  of  the  usual  ridge  block  and  pipe  systems  of  underdi'ainage  there  is  a  rein- 
forced concrete  false  bottom,  12  inches  thick,  wliich  forms  the  top  of  a  pressure  cham- 
ber 2  feet  deep.  In  the  false  bottom  there  are  placed  1,677  vertical  three-eighths  inch 
brass  feed jpipes,  spaced  6  inches  center  to  center.  The  ends  of  the  pipes  projecting 
above  the  false  bottom  are  bent  180  degrees,  so  that  the  wash  water  instead  of  discharg- 
ing upward  is  deflected  directly  upon  the  floor  or  gravel.  On  the  ends  of  these  pipes 
are  screwed  brass  strainers,  leaving  a  space  of  about  1^  inches  between  the  latter  and  the 
floor,  or  top  of  the  false  bottom.  The  strainer  is  a  slightly  buckled  circular  plate 
seven-eighths  of  an  inch  in  diameter,  pierced  with  twenty-five  one-sixteenth  inch 
holes,  and  swedged  into  a  hexagonal  base,  ending  in  a  three-eighths  inch  threaded 
sleeve  for  screwing  over  the  three-eightlis  inch  brass  feed  pipe  from  the  pressure 
chamber. 

In  each  filter  there  are  24  inches  of  C'hagres  River  gravel  arranged  in  tliree  layers, 
as  follows: 


Laver. 


Bottom 
Middle. 
Top.... 


Passed  by  la-inch  square  mesh. 
Retained  on  1-inch  square  mesh. 
Passed  by  1-inch  square  mesh. 
Retained  on  rr-inch  square  mesh. 
Between  iV  and  tb  uich  in  diameter. 
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Thirty  inches  of  Chame  Beach  sand,  with  an  average  effective  size  and  uniformity 
coefficient  of  0.41  and  1.7,  respectively,  complete  the  filtering  material. 

An  independent  air  system  is  placed  between  the  small  and  medium  grades  of  gravel. 
The  air  wash  has  been  used  only  a  comparatively  few  times  during  the  year  in  order 
to  assist  in  the  breaking  up  of  hard  spots  and  removing  mud  patches. 

The  pressm-e  chambers  were  built  to  withstand  a  maximum  pressm*e  of  28  pounds  per 
square  inch.  When  a  filter  is  washed  at  a  rate  of  6.400  gallons  per  minute,  or  15  gallons 
per  square  foot  of  sand  surface,  equivalent  to  a  24-inch  rise  of  wash  water  per  minute, 
a  pressure  of  about  12  pounds  per  square  inch  is  developed  on  the  false  bottom.  Under 
these  conditions  an  excellent  distribution  of  wash  water  results  and  the  sand  bed  ia 
raised  8J  inches  above  its  normal  elevation,  or  to  witliin  12^  inclies  of  the  weirs  of  the 
wash-water  troughs. 

The  strainers  were  not  placed  on  the  feed  pipes  in  three  of  the  filters.  Wlien  washed 
at  the  same  rate  as  the  filters  equipped  with  strainers  a  pressure  of  6  pounds  per  square 
inch  is  developed  on  the  false  bottom.  The  distribution  of  wash  water  is  equally  as 
good,  and  the  sand  is  floated  to  the  same  height  above  its  normal  level.  At  the  end  of 
the  year  pressiue  chambers  of  filters  equipped  with  and  without  strainers  were  exam- 
ined, and  it  was  found  that  no  sand  had  worked  down  through  the  feed  pipes  in  either 
case.  From  the  experience  gained  diuing  the  year  with  filters  of  this  tj^e  it  is  con- 
sidered that  strainers  are  unnecessary. 

In  April,  1915,  the  distance  from  the  tops  of  the  troughs  to  the  sand  ranged  from 
18.6  to  21.85  inches;  in  June,  1916,  the  distance  ranged  from  18.7  to  22.67  inches.  The 
average  loss  of  sand  during  this  period  was  0.82  inch,  representing  a  total  loss  of  2.42 
cubic  feet  for  the  14  filters.  This  sand  has  been  washed  over  the  edges  of  the  troughs. 
Neither  sand  nor  gi-avel  has  been  removed  from  any  of  the  filters  diuing  the  year,  and 
no  repairs  of  any  nature  have  been  made  to  the  filter  bottoms. 

The  wash  water  is  effectively  removed  by  one  central  and  six  lateral  concrete 
troughs.  Weirs  are  cut  in  the  troughs  so  that  the  maximum  travel  of  suspended  par- 
ticles is  limited  to  2.5  feet.  When  washing  at  the  rate  mentioned  above  the  depth  of 
water  over  the  weirs  is  1|  inches,  and  there  is  sufficient  current  at  the  filter  wall  ends 
of  the  lateral  troughs  to  prevent  the  settling  out  of  suspended  particles. 

Each  filter  is  operated  by  hydraulic  valves  controlled  from  a  slate  operating  table, 
each  of  which,  in  addition  to  the  usual  equipment,  is  provided  with  small  10-watt 
green  and  red  lamps,  so  connected  that  the  former  burns  when  the  filter  is  in  operation, 
and  the  latter  starts  to  burn  when  the  loss  of  head  reaches  a  fixed  point. 

The  discharge  of  filtered  water  from  each  filter  is  regulated  by  a  controller  which 
consists  of  a  simple  round  open-top  concrete  box,  approximately  2.5  feet  in  diameter, 
and  3.5  feet  deep,  cast  on  the  floor  of  the  pipe  gallery;  a  circular  bronze  orifice  cast 
in  the  floor  and  opening  .into  the  clear- water  basin;  a  copper  float  2.25  feet  in  diam- 
eter carrying  a  stem  which  will  operate  a  small  vertical  piston  valve,  and  a  10-inch 
hydraulic  valve  placed  on  the  efiluent  line  leading  into  the  controller  box.  By 
adjusting  this  float  the  discharge  from  each  unit  may  be  varied  from  1,120,000  to 
1,317,000  gallons  per  24  hours,  at  the  respective  rates  of  115,000,000  to  135,000,000 
gallons  per  acre  per  day. 
The  following  table  summarizes  the  data  relating  to  the  filters: 

Number  of  units 14 

Sand  area  per  unit square  feet. .  425 

Dimensions  of  unit: 

Length  in  feet 21.5 

Width  in  feet 19-75 

Depth  in  feet  to  false  bottom 11 

Depth  in  feet  to  true  bottom 14 

Wash- water  troughs : 

Type ; (.). 

Number v) 

Thickness  of  concrete inches. .  2. 5 

Dimensions — 

Main  trough feet. .   21.  o  by  2. 42 

Lateral  trouglis do 8.  66  by  1.  66 

Per  cent  of  sandarea  covered  by  horizontal  area  of  troughs. 32. 8 

Average  distance  above  sand inches. .  21 


I  Reinforced  consrete.  ^  One  main  and  6  laterals. 
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Washing  of  filters: 

Type (1) 

Vertical  rise  of  water  per  minute — 

Figured  on  area  below  troughs inches. .  24 

P^igured  on  area  at  plane  of  troughs do 35. 8 

Gallons  of  water  per  minute g  ^qq 

Gallons  of  water  per  square  foot  of  sand  surface '    15 

Sand  bed  lifted  above  normal inches. .  8.  25 

Loss  of  head  through  filter — 

Equipped  with  strainers feet. .  27.  6 

Witliout  strainers do 13  8 

Maximum  travel  of  suspended  particles do 2^  5 

Depth  of  water  over  edges  of  troughs inches. .  ir75 

Filter  bottom : 

Type (2) 

Material /3\ 

Thickness feet! '.  1 

Feed  pipes,  brass — 

Diameter,  inside inches. .  0. 364 

Position n\ 

Spaced,  centers inches. .  Q 

Total  number  per  filter 1  577 

Strainers — ■ 

Type (^) 

Position h\ 

Number  and  size  of  holes 25;  -j^-inch 

Relation  between  area  of  holes  in  strainers  and  the  sand  surface 

of  one  filter *■  1  to  475 

Relation  between  area  of  holes  in  feed  pipes,  and  the  sand  sur- 
face in  one  filter *  1  to  350 

Filtering  material: 
Sand — 

Source (9) 

Depth.  .  . ._ inches. .  30 

Effective  size 0.41 

Uniformity  cooefficient l'  70 

Gravel — 

Bottom  layer  (thickness,  8  inches) size  in  inches. .  IJ  to  1 

Middle  layer  (thickness,  12  inches) do 1  to  re 

Top  layer  (thickness,  4  inches) do iV  to  ^ 

Operation : 

Loss  of  head — ■ 

Average  initial feet. .  1 

Average  final do 11.  5 

Normal  depth  of  water  over  sand do 6.  25 


1  High  velocity  water  wash,  separate  air  system. 

-  False  bottom. 

3  Reinforced  concrete. 

*  Vertical,  with  end.s  projecting  above  false  bottom  bent  180  degrees. 

6  Hexagonal  base  and  circular  plate,  |-inch  in  diameter. 

6  Screwed  on  feed  pipes,  pointing  downward. 

'  Or 0.21  percent. 

8  Or  0.28  per  cent. 

9  Chame  Beach. 

Clear-water  basin. — ^This  basin  is  located  under  the  filter  building,  and  has  a  capacity 
of  900,000  gallons. 

Sterilization  chamber. —From  the  clear-water  basin  the  filtered  water  flows  through 
a  30-inch  cast-iron  main  and  Venturi  meter  into  the  sterilization  or  injection  chamber, 
in  which  is  installed  the  orifice  tanks  for  controlling  the  application  of  hypochlorite 
of  lime.  "The  injection  chamber  is,»  in  a  general  way,  a  concrete  pressure  box 
approximately  24.5  feet  by  17  feet  by  6  feet,  inside  depth,  divided  longitudinally  into 
two  main  divisions.  The  water  may  be  allowed  to  pass  through  both  divisions  simul- 
taneously, orthrough  one,  while  the  other  is  closed  down  for  cleaning  or  repairs.  Each 
division  is  divided  into  compartments  having  curved  and  flat-faced  concrete  baffles 
placed  in  them,  of  such  design  and  arranged  in  such  a  manner  as  may  be  expected 
to  give  the  utmost  agitation  and  mixing  to  the  water  as  it  passes  through.  Upon 
entering  the  first  compartment  of  each  division  the  water  will  pass  thi-ough  two  verti- 
63503°— 16 11 
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cal  slots  about  5.5  feet  in  length  by  6  inches  in  width,  in  front  of  which,  splitting  the 
flow,  will  be  placed  two  perforated  bronze  solution  pipes  which  will  enter  the  top  of 
the  chamber  through  a  regular  stuffing  box . " 

As  the  chamber  is  under  an  average  pressure  of  17  pounds  per  square  inch,  it  is 
necessary  to  pump  the  solution  into  the  water  by  duplicatemotor  driven  centrifugal 
pumps.  Twenty  days  after  the  plant  was  placed  in  operation  it  was  found  that  the 
accumulation  of  calcium  carbonate  on  the  interior  of  one  of  the  pumps  and  its  dis- 
charge line  was  of  such  thickness  as  to  prevent  the  delivery  of  the  normal  volume  of 
hypochlorite  solution.  Throughout  the  year  it  has  been  necessary  to  clean  the  pumps 
and  discharge  lines  about  every  10  days.  The  duplicate  equipment  allowed  this  to 
be  done  without  any  interruption  to  the  application  of  the  hypochlorite. 

On  account  of  this  trouble  and  the  high  cost  of  hypochlorite,  one  of  Wallace  & 
Tiernan  Co.'s  automatic  chlorinators  was  purchased.  Its  installation  was  under  way 
at  the  end  of  the  fiscal  year. 

The  bleach  was  shipped  from  the  States  in  100-pound  drums,  and  stored  after  its 
arrival  in  a  dry  room.  The  following  table  shows  the  per  cent  of  available  chlorine 
in  the  bleach  after  its  transit  and  storage  prior  to  use,  as  determined  by  analyses  of 
samples  from  30  to  40  drums  per  month: 


Month. 

Per  cent  of  available  chlorine. 

Average. 

Maximum. 

Minimum. 

July 

1915. 

33.0 
30.6 
29.3 
25.3 
31.8 
31.4 

30.6 
32.0 
30.9 
24.2 
25.1 

36.7 
37.1 
35.6 
34.3 
38. 0 
39.0 

37.0 
37.6 
38.6 
28.3 
31.7 

28.3 

19.0 

26.0 

27.4 

19.7 

1916. 

20.7 

23.7 

24.8 

20.4 

May                         

18.0 

Bacteriological  data. — Tables  Nos.  4  to  7,  inclusive,  marked  as  follows:  Table  No.  4, 
Numbers  of  Colonies  of  Bacteria  in  Raw  Water;  Table  No.  5,  Numbers  of  Colonies  of 
Bacteria  in  Water  Delivered  to  Mains;  Table  No.  6,  Numbers  of  Colonies  of  Bacteria 
in  Samples  from  Taps  on  Distribution  System,  and  Table  No.  7,  Numbers  of  Mem- 
bers of  the  B.  Coli  Group,  contain  monthly  summaries  of  the  bacteriological  examina- 
tions of  samples  of  water  made  throughout  the  year. 

The  following  table  contains  the  yearly  means  and  medians  of  the  numbers  of  bac- 
teria in  the  raw  and  sterilized  water  as  determined  on  nutrient  and  lactose  agar  incu- 
bated at  37.5°  C.  for  24  hours.     They  are  taken  from  the  above-mentioned  tables. 


Source. 


Raw  water 

Water  delivered  to  mains 

Water  from  taps  on  distribution  system 


Nutrient  agar. 


Yearly 
mean, 
perc.  c. 


266 

1.5 
32.9 


Yearly 
median, 
per  c.  c. 


192 
0 
4 


Lactose  agar. 


Yearly 
mean, 
per  c.  c. 


96 
1.0 
5.8 


Yearly 
median, 
per  c.  c. 


The  monthly  averages  of  numbers  of  B.  Coli  in  the  raw  water  varied  from  18G  to 
2,715  per  liter,  with  a  yearly  average  of  1,225;  in  the  sterilized  water  distributed  to 
the  mains,  from  0  to  16.7  per  liter,  with  a  yearly  average  of  4.4,  and  in  7  out  of  12 
months  B.  CoU  were  not  found  in  1  and  10  c.  c.  amounts  of  water;  in  the  water  col- 
lected from  the  distribution  system  from  0  to  41.9  per  liter,  with  a  yearly  average  of 
12.  Bacteria  of  a  general  group  of  lactose  fermenting  anaerobes  have  been  isolated 
from  presumptive  tests  made  on  samples  of  sterilized  water  collected  both  at  the  plant 
and  from  the  distribution  system  in  Panama  and  Ancon. 
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During  the  latter  part  of  the  fiscal  year  the  physiologist  and  Mr.  E.  J.  Tucker  started 
an  exhaustive  investigation  of  the  members  of  the  B.  Coil  group  in  the  Canal  Zone 
water  supplies.  While  a  sufficient  amount  of  work  has  not  been  done  to  warrant 
the  pubhcation  of  any  final  conclusions,  a  brief  report  of  progi-ess  may  be  made. 

In  Tables  A,  B,  and  D  the  raw-water  samples  are  from  the  Chagres  River;  the  filtered 
water  is  from  the  Miraflores  purification  phint,  and  ia  unsterilized;  samples  from  tlie 
distribution  system,  Panama  and  Ancon,  are  of  sterilized  water;  water-cooler  samples 
are  fi'om  a  cooler  in  which  the  ice  and  water  are  in  contact,  the  latter  being  sterilized 
water  fi-om  the  Miraflores  purification  plant;  Panama  train  samples  are  from  the  water 
coolers  from  the  first-class  coaches,  in  which  the  ice  and  water  are  in  contact,  the  latter 
being  sterilized  water  from  the  Miraflores  purification  plant. 

Table  A- 


Source  of  samples. 


Miraflores  purification 
plant. 


Raw 
water. 


126 


Number  of  strains  (1) 

Number  of  strains  positive  to  dextrose  (2) 

and  negative  to  lactose , 

Number  of  strains  positive  to  dextrose 

and  lactose , 

Ratio  column  1  to  column  2 

Reaction  of  dextrose  (pos.)  and  lactose 
(neg.)  organisms  to  Clark's  medium: 
Low  ratio — 

Number 

Per  cent 

High  ratio — 

Number 

Per  cent 

Separation  of  dextrose  (pos.)  and  lactose 
(pos.)  organisms  into  species  according 
to  standard  methods: 

B .  Communior 

B .  Commimis j      14 

B.  Aerogenes 42 

B.  Acidi-lactici 22 


15 


103 
11.9 


15 
100 


Settled 
Water. 


121 

26 

86 
21.5 


1  1 
3.1 


25 
96.1 


Fil- 
tered 
water. 


27 
18.4 


100 


Taps  on 
distribu- 
tion 
System , 
Panama 

and 
Ancon. 


15 
35.7 


57.1 


Ice-cooler 
samples. 


49 
27.4 


'3 
ir, 


Panama 

train 
samples. 


22 
16.7 


5 
100 


To- 
tal. 


428 

87 

313 


69 
29 
166 
50 


1 7  out  of  9  were  positive  to  dextrose  and  marmite  and  negative  to  all  other  sugars  used. 

Table  A  shows  the  total  number  of  colonies,  428,  isolated  either  from  neutral  red 
agar  or  litmus  lactose  agar  plates  after  grovrth  in  lactose  peptone  bile,  and  their  division 
into  certain  groups.  One  group  contains  the  organisms  which  ferment  dextrose  but 
not  lactose,  the  other  group  contains  the  organisms  which  ferment  both  of  these  sugars. 
The  significance  of  the  former  group  in  the  water  supplies  is  in  doubt  at  the  present 
uniting.  The  latter  group  has  been  further  separated  according  to  the  reactions  of 
the  organisms  \vith  saccharose  and  dulcite.  It  is  evident  that  the  varieties  arrange 
themselves  in  the  following  order,  according  to  frequency  of  occui-rence,  B.  aerogenes, 
B.  communior,  and  B.  communis. 

The  Clark's  medium  referred  to  in  this  table  is  that  used  by  Clark  and  Rogers  in 
their  studies.  It  consists  of  0.5  per  cent  dextrose  and  0.5  per  cent  K2HPO4.  The 
low-ratio  organisms  are  those  which  give  an  acid  reaction,  using  methyl  red  as  an  indi- 
cator, after  incubation  at  30='  C.  for  five  days,  and  the  high-ratio  organisms  are  those 
which  give  an  alkaline  reaction  under  the  same  conditions. 

Table  B  shows  the  characteristics  of  87  organisms  positive  to  dextrose  and  negative 
to  lactose.  These  organisms  produce  10  per  cent  or  less  gas  in  lactose  peptone  bile  at 
the  end  of  48  hours  incubation;  they  form  weak  acid  colonies  on  neutral  red  agar  and 
Endo  medium;  nearly  all  are  positive  to  saccharose  and  mannite;  they  reduce  nitrates 
and  form  indol;  and  nearly  all  react  alkaline  to  Clark's  medium,  thereby  falling  into 
the  high-ratio  group. 

One  characteristic  organism  of  most  frequent  occurrence  in  the  Panama  tap  sam- 
ples (sterilized  water)  produced  a  white  colony  with  a  deep  red  center  on  neutral 
red  agar;  gave  a  trace  of  gas  in  lactose  bile;  produced  gas  from  dextrose  and  mannite, 
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but  none  from  lactose,  dulcite,  saccharose,  or  raffinose;  reduced  nitrates;  failed  to 
produce  indol;  and  reacted  acid  with  Clark's  medium,  thereby  falling  into  the  low- 
ratio  group.  Of  these  organisms  this  is  the  only  one  which  did  not  fall  into  the  high- 
ratio  group. 

Table   1!. 


Source  of  .samples. 


Miraflores  purification  plant. 


Raw 


Settled 
water. 


Filtered 
water. 


Samples 
from  dis- 
tribution 
system, 
Panama 
and  Ancon. 


Water- 
cooler 
samples. 


Panama 

train 
samples. 


Number  positive  to  dextrose  and  nega- 
tive to  lactose 

Per  cent  positive  to  dulcite 

Per  cent  positive  to  saccharose 

Per  cent  positive  to  mannite 

Per  cent  positive  to  ralDnose 

Reduction  of  nitrates: 

Per  cent  giving  NIIj 

Per  cent  giving  NO2 

Per  cent  giving  positive  indol 

Per  cent  with  low  gas  ratio 

Per  cent  with  high  gas  ratio 


15 

79.8 
100 
100 

46.4 

9.3.3 

73.2 

6.7 

0.0 

100 


26 

34.6 

96.1 

97.5 

53.9 

100 
96.1 
38.4 
3.9 

96.1 


14.3 
42.9 
100 
42.9 

100 
100' 
14.3 
0.0 
100 


14 

28.6 
ofi.  1 
1(10 
54.2 

100 

92.8 
3.^.7 
3.-).  7 
57.2 


20 
5 
90 
100 
80 

100 
85 
20 
15 


5 

20 
100 
100 

80 

100 
80 
60 
0 

100 


In  Table  C  the  four  species  are  subdivided  into  varieties,  according  to  reactions 
with  mannite,  rafBnose,  Clark's  medium,  production  of  indol,  and  reduction  of  nitrates. 
It  is  seen  that  all  varieties  of  B.  acidi-lactici  and  B.  communis  fall  into  the  low-ratio 


group. 


Table  C. — Classification  of  B.  coli  group  into  species  and  varieties. 


Number. 

Mamiite. 

Railmose. 

Indol. 

Nitrate  re- 
duction. 

Croup. 

Filtered 
water. 

Settled 
water. 

Raw 
water. 

ratio. 

3 
2 
11 

2 

3 
7 
8 
4 
1 

Positive... 
...do 

Positive... 
...do 

Positive... 
...do 

Positive... 
...do 

High, 

Do 

Low. 

Do 

5 

...do 

...do 

Negative.. 

...do 

Positive... 

...do 

...do 

...do 

...do 

...do 

High. 

Do 

...do 

...do 

Low. 

Do             

...do 

Negative.. 

Positive. . . 
...do 

Do. 

Total 

5 

18 

22 

45 

0 
4 
1 
2 

1 
2 
7 
4 

...do 

...do 

Do. 

Do 

Negative.. 
Positive... 
Negative.. 

Positive... 
...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Do. 

Do 

2 

1 

...do 

...do 

Negative.. 
...do 

Do. 

Do 

Do. 

Positive... 
...do 

Total 

3 

7 

14 

24 

1 
6 
5 

2 
9 
16 
10 

1 
12 
15 

3 

8 

...do 

...do 

...do 

nigh. 

Do 

Low. 

Do 

...do 

Negative. . 
...do 

Positive... 

...do 

High. 

Do 

...do 

...do 

Low. 

Do 

...do 

Negative.. 

Positive... 
...do 

Do. 

Total 

12 

37 

39 

88 

2 
3 
4 

8 

3 
5 
9 
4 
1 

...do 

...do 

Do. 

Do. 

2 

1 
2 

Negative.. 

Positive... 

Negative. . 

...do 

...do 

...do 

...do 

...do 

Do. 

Do 

...do 

...do 

Negative. . 
...do 

Do. 

Do. 

Do. 

Do 

Negative.. 

...do 

Do. 

Total 

.5 

17 

22 

44 
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TaV)lo  P  is  the  same  as  Table  C  without  the  separation  of  the  species  into  varieties. 
Table  I). — Characteristics  of  the  four  species  of  the  B.  coli  group. 


Miraflores  purification  plant. 

Samples 
from  dis- 
tribution 
sy.stem, 
Panama 
and  Ancon. 

M'ater- 

eooler 

samples. 

I'er  cent  of  positive  results. 

Raw- 
water. 

Settled 
water. 

Filtered 
water. 

train 
samples. 

B.  Communior: 

100 
9.5.8 

95 

9.5.8 

41.7 

56 
44 

100 
21.4 

50 

92.6 

57.1 

0 
100 

100 
73.8 

62.4 
100 
52.5 

43.9 
56.1 

95.3 
36.4 

75 
100 
54.6 

0 

100 

100 
100 

84.9 
100 
25 

70 
30 

100 
57.2 

100 
100 
14.2 

0 
100 

95.1 
92.7 

75.6 
97.6 
29.2 

49.8 
51.2 

100 
29.4 

70.5 
100 
3.5.3 

0 
100 

100 
100 

66.7 

80 

0 

100 

100 
0 

66.7 
100 
66.7 

0 
100 

92.2 
92.2 

84.6 
100 
60.6 

46.1 
53.9 

83.3 
33.3 

33.3 
100 
33.3 

0 
100 

100 
100 

40 
100 
80 

20 
80 

Raffinose      .        

Nitrate  reduction— 

NO" 



NIIi 

;;:: 

Indol       

Gas  ratio: 

High 

1 

B.  Communis: 

Nitrate  reduction— 

NO2 

NH3 

Indol 

Gas  ratio — 

High 

B.  Aerogenes: 

89.3 
89.3 

68.4 
94.6 
31.6 

63.1 
36.9 

100 

78.6 

71.0 
100 
21.4 

42.9 
57.1 

94  5 

91  9 

Nitrate  reduction- 

94  2 

NH3 

100 

Indol 

18.9 

Gas  ratio — 

nigh  

91  9 

5  4 

Maimite 

Nitrate  reduction— 

NO2 

NH3 

Indol 

Gas  ratio — 

Low 

Table  E  is  a  classification  of  the  stra  ins  of  the  B .  coli  group  isolated  from  feces  of  some 
of  the  animals  which  are  found  in  large  numbers  on  the  watersheds  of  the  reservoirs. 
The  27  strains  positive  to  dextrose  and  lactose  may  be  arranged  as  follows: 


Number. 

Species. 

17 
6 
2 
2 

B.  Commimior. 
B.  Communis. 
B.  Aerogenes. 
B.  Acidi-lactici. 

Of  37  strains  isolated  from  samples  of  water  collected  fi'om  Comacho  and  Rio  Grande 
reservoirs,  both  uninhabited  and  policed,  thereby  practically  excluding  the  possi- 
bility of  contamination  with  human  feces,  25  were  classed  as  B.  aerogenes  and  12  as 
B.  Communior.  Therefore  it  appears,  from  the  small  amount  of  data  at  hand,  that 
there  are  other  sources  of  B.  aerogenes  than  the  animals  to  account  for  the  predomi- 
nance of  the  species. 
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Physical  and  chemical  data. — This  is  summarized  in  Table  No.  15,  Physical  and 
Chemical  Character  of  Raw  and  Filtered  Water,  Miraflores  Purification  Plant  The 
following  determinations  were  made  daily:  Odor  of  raw  and  filtered  water,  turbidity 
of  raw  and  filtered  water,  color  of  raw  and  filtered  water,  and  free  carbonic  acid  of  the 
raw,  aerated,  and  filtered  water.  The  following  determinations  were  made  on  com- 
posites of  daily  samples:  Alkalinity,  soap  hardness,  oxygen  consumed,  chlorine  and 
iron.  Determinations  of  nitrites,  nitrates,  free  ammonia  and  albuminoid  ammonia 
are  made  on  samples  collected  on  some  day  during  each  week.  Total  sclida  were 
determined  on  weekly  composites  of  daily  samples  until  near  the  end  of  the  year 
when  they  were  determined  on  monthly  composites  of  daily  samples.  ' 

The  odor  of  the  raw  water  varied  from  1  e  to  4  e,  or  1  v  to  3  v,  and  that  of  the  filtered 
water  from  0  to  1  v.  The  turbidity  of  the  raw  water  varied  from  1  to  102  all  of  which 
was  rembved.  The  color  of  the  raw  water  ranged  from  10  to  153,  and  that  of  the  filtered 
water  from  0  to  10.  The  alkalinity  of  the  raw  water  varied  from  39.4  to  60  5  and  that 
of  the  filtered  water  from  29  to  51 .7  parts.  The  soap  hardness  of  the  raw  water  varied 
from  29.9  to  57  parts,  and  that  of  the  filtered  water  from  29.6  to  49.1  parts  The  oxygen 
consumed  of  the  raw  water  varied  from  0.40  to  3.20,  and  that  of  the  filtered  water  from 
a  trace  to  2.2  parts.  The  free  ammonia  in  the  raw  and  filtered  water  varied  from  0  to 
0.046.  The  albuminoid  ammonia  in  the  raw  water  varied  from  0  to  0.098  and  that  in 
the  filtered  water  from  0  to  0.060  parts.  The  nitrites  in  the  raw  water  varied  from 
0  to  0.003,  and  in  the  filtered  water  from  0  to  0.035  parts.  The  nitrates  in  the  raw 
water  varied  from  0  to  0.12,  and  in  the  filtered  water  from  0  to  0.10  parts.  The  chlorine 
in  the  raw  water  varied  from  4.8  to  10.3  parts.  The  iron  in  the  raw  water  varied  from 
0  to  3.4,  and  in  the  filtered  water  from  0  to  0.08  parts.  The  total  solids  in  the  raw 
water  varied  from  95  to  182,  and  in  the  filtered  water  from  93  to  136  parts. 

Operative  data.— This  is  summarized  in  Table  No.  1,  Annual  Report  of  Operation  of 
Miraflores  Purification  Plant  for  Fiscal  Year  Ending  June  30,  1916. 

The  monthly  volumes  of  raw  water  varied  from  226,376,000  to  272,178  000  gallons 
with  a  yearly  average  of  248,963,000  gallons.  The  monthly  volumes  of  water  delivered 
to  the  mams  varied  from  217,997,000  to  256,297,000  gallons,  with  a  yeariy  avera^^e  of 
243,081 ,000  gallons.  The  monthly  volumes  of  wash  water  varied  from  2  992  000  to 
6,891,000  gallons,  with  an  average  of  5,126,000  gallons.  ' 

The  "^[lons  per  filter  hour"  varied  from  51,400  to  54,000,  with  a  yeariy  average  of 
53,000.    The  ' '  million  gallons  per  acre  per  day  "  varied  from  126,200,000  to  132  90o''oOO 
with  a  yearly  average  of  130,300,000.    The  average  filter  runs  per  month  varied  from 
21.7  to  50.6  hours,  with  a  yearly  average  of  31.3  hours.     The  maximum  filter  run  per 
month  varied  from  39.7  in  February,  1916,  to  95.9  hours  in  November,  1915      The 
minimum  filter  run  per  month  varied  from  2.0  hours  in  July,  1915,  to  31.5  in  May  1916 
The  "number  of  filters  washed"  varied  from  86  in  November,  1915,  to  185  in 
February ,_  1916,  with  a  yeariy  average  of  149.    The  "per  cent  of  wash  water"  varied 
from  1.26  in  November,  1915,  to  2.67  in  March,  1916,  with  a  yeariy  average  of  2  07 
rr??.^  pounds  of  alum  consumed  per  month  varied  from  30,755  in  March,  1916,  to 
59,240  m  November,  1915,  with  a  yearly  average  of  43,502,  and  a  total  of  522  024 
pounds.    The  pounds  per  milUon  gallons  varied  from  119  to  249  for  the  above  months 
with  a  yearly  average  of  175.  ' 

The  pounds  of  hypochlorite  consumed  per  month  varied  from  3,589  to  4  975  with  a 
yearly  average  ot  4,428  pounds.  Figuring  on  a  basis  of  35  per  cent  available  chlorine 
the  pound^  applied  per  million  gallons  varied  from  13.2  to  19.5,  with  a  yeariy  average 
ot  16.1.  Ihe  parts  per  million  of  available  chlorine  varied  from  0.55  to  0.82.  with  a 
yearly  average  of  0.68.  .  ' 

Superintendence. —The  resident  superintendent  of  this  plant  was  Mr.  E  J  Tucker 
^  ^5  chief  assistant  to  the  physiologist.  Mr.  H.  F.  Schmidt  has  served  as  chemist! 
and  Mr.  H.  W.  Nightingale  as  biologist. 


RESERVOTRS. 

The  reservoirs  have  been  inspected  once  or  more  each  month  in  order  to  see  that  the 
shore  lines  were  kept  in  proper  condition  and  to  obtain  information  along  general 
hues,     ihe  following  table  gives  some  data  in  regard  to  the  four  now  in  use" 


Name. 


Brazos  Brook... 

Agua  Clara 

Rio  Grande 

Comacho 


Supplies  water  to— 


Mount  Hope  purification  plant. 
Agua  Clara  purification  p&nt... 
West  side  of  canal. 
....do 


Note.— File  47-A-128-part  1. 


Eleva- 
tion. 


49.  .5 

68.0 

235.0 

365.0 


Volume  of 
water. 


6.50,000,000 
612,000,000 
400,000,000 
280,000,000 


Area  of 
water- 
shed. 


A cres. 

896.7 
1,019.5 
2,015.5 

592.0 


Area  of 

water 
surface. 


Acres. 
156 
69.5 
62 
34.3 
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All  of  the  watersheds  are  uninhabited  and  policed  to  guard  against  trespassing,  so 
that  the  only  sources  of  pollution  are  the  numerous  animals,  such  as  the  tapir,  monkey, 
deer,  cat,  conaho,  squirrel,  wild  hog,  tiger  cat,  porcupine,  sloth,  ant  eater,  honey  bear, 
mongoose,  agouti,  rabbit,  raccoon,  opossum,  manigourda,  otter,  saiona,  etc.  Alli- 
gators, iguanas,  and  lizards  are  also  prevalent.  Without  going  into  this  matter  in  detail 
it  is  sufficient  to  state  that  the  sum  total  of  the  pollution  introduced  directly  and 
indirectly  into  the  waters  of  the  reservoirs  is  of  considerable  magnitude. 

The  one  animal  which  probably  adds  the  largest  amount  of  fecal  matter  to  the  v.ater 
is  the  tapir,  which  deposits  its  excreta  directly  into  the  water.  During  the  dry 
season  it  hunts  out  the  small  streams  or  feeders  which,  A.hile  nearly  dry,  have  small 
pools  of  water  into  which  the  animal,  v/eighing  from  700  to  1,000  pounds,  continues  to 
defecate  fi-om  time  to  time,  until  a  pool  is  filled  up,  after  which  it  moves  to  another. 
The  droppings  resemble  those  of  the  horse.  At  the  end  of  the  diy  season  there  is  a 
large  amount  of  tapir  manure  in  the  beds  of  all  the  creeks  or  feeders,  which  is  carried 
into  the  reservoirs  by  the  first  hard  rain  of  the  wet  season. 

Practically  all  of  the  acid  formers,  developing  on  litmus  lactose  agar,  in  raw  water 
samples  ftrom  the  reservoirs,  appear  at  the  start  of  the  rainy  season.  _  The  strains  of 
the  B.  coli  group,  isolated  from  7  animals,  show  that  organisms,  similar  to  those 
occuring  in  human  feces,  are  added  to  the  water. 

During  the  latter  part  of  the  fiscal  year  a  start  was  made  on  clearing  off  the  trees  on 
those  portions  of  the  watershed  nearest  to  the  reservoir  and  the  feeders.  This  is 
regarded  as  a  matter  of  considerable  importance  because  the  leaves  falling  from  the 
trees  and  l>ing  on  the  gi'ound  and  in  the  beds  of  the  feeders  are  the  principal  source  of 
the  coloring  matter  in  the  water,  and  it  is  also  expected  that  the  wild  animals  -ndll  be 
driven  back  and  off  the  watersheds  into  other  tracts  of  timbered  land. 

Physical  and  chemical  analyses  of  samples  of  water  from  Comacho  and  Rio  Grande 
reservoirs  may  be  found  in  Tables  Nos.  18  and  19;  mineral  analyses  in  Table  No.  20. 
Brazos  Brook  and  Agua  Clara  are  covered  by  Tables  Nos.  16  and  17  in  the  columns 
headed  "Raw." 


m.ANKTON    STUDIES. 


During  the  year  358  microscopical  examinations  of  samples  of  ^yater  from  various 
sources  were  made  at  the  three  laboratories.  The  foUov.ing  table  gi^-es  an  idea  of  the 
sizes  of  the  various  organisms  ol^served: 


Ranges  in  the  sizes  of  various  microscopic  organisms  examined  at  Agua  Clara  Laboratory, 

Feb.  3  to  July  1,  1916. 

[Theodore  R.  Kendall,  Biologist.] 


Organism. 


Group. 


Actinophrys 

Anabaena ". 

Anguillula , 

Anuraea 

Aphanizomenon. . , 

Aphanacapsa 

Asplanchna 

Brachionus 

rerat  ium 

Chlamydomonas. . 

Chroococcus 

Clcsterium 

Colcps 

Conferva 

Casmarium 

Cyclops 

Cyclotella 

Cymbella 

Dactylosi)hacrium 

Diatoma 

Dinobryon 

Euglena 

Eiigly])ha 

Epithemia 


Prot . . 
Cyan.. 
Verm . 
Roti.. 
Cyan.. 

Roti.. 
Roti.. 
Prot.. 
Prot.. 
Cyan.. 
Chlor. 
Prot.. 
Chlor. 
Chlor. 
Crust. 
Diat.. 
Diat.. 
Prot.. 
Diat.. 
Prot.. 
Prot.. 
Prot.. 
Diat. . 


Range  of  dimensions  of  organisms. 


Standard 

Dimensions  in  microns. 

imits. 

Diameter. 

Length. 

Width. 

1 

2.5-30 
5 

1-.5 

5 

2 

.-.-.35 

1 

120 
60-150 

10 

40-80 
10 

1-2 

10-35 

45 

2-4 

1-4 

""26^.56' 
20-40 



10 
10-40 

30-40 

100 

80 

30-50 

20-30 
60 
50 

40-.50 

1-2 

1-2 
2-4 

2-8 

80-120 
30-50 

10 

10-15 

10 

}-2 
20-75 

10-30 
120-200 

.W-TO 

2-3 

30-40 

1-3 

20-40 

20 

1-2 

25-50 

2-3 

40-60 
30-40 
20-40 
80 
20-40 

20 

1 

1.5-20 

1-2 
4 

1-2 

15-25 

30 

15-35 
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Group. 

1          '               ' 

Range  of  dimensions  of  organisms. 

Organism. 

Standard 
units. 

Dimensions  in  microns. 

Diameter 

Length. 

Width. 

Glenodinium 

(Jloeocapsa ..........'... 

Prot 

Cyan.... 
Chlor... 

Prot 

Chlor... 
Schiz . . . 
Cyan.... 

Roti 

Diat.... 

Prot 

Verm . . . 

Diat 

Diat 

Roti 

Chlor... 
Prot.... 

Prot 

Chlor... 
Chlor.... 

Prot 

Cyan.... 

Roti 

Chlor... 
Chlor... 
Chlor... 

Diat 

Prot.... 
Chlor... 
Prot.... 
Chlor... 
Prot.... 
Crust . . . 

1-4 

1-2 

2-4 

3 

2-10 

2-5 

4-8 

10 

2-8 

1-1 

60 

4 

1 

5-20 

3 

2-4 

9 

.',-1 

3-4 

2-3 

3-4 

20 

4-10 

20-100 

1-8 

1-2 

1 

1-2 

1-2 

2-5 

1 

25-40 

25-50 
25-40 

Halteria '. 

Hyalotheca 

40-80 

40' 

36 

30 

Lyngbya 

40-100 

30-80 

70 

10 

Mastigocerca 

10-30 

Melosira 

Monas 

40 
15 

Nais 

Navicula 

'  '466-566' 

40-60 

80 

80-120 

60 

40-60 

65 

'45^56 

Nitzschia 

15-25 

Notholca 

10 

Penium 

Peridinium 

20 

Phacus 



25-45 

Protococcus 

10^25' 

50 

Raphydomonas 

60-80 

30 

60-80 

200 

80-100 

20 

Rivularia 

20 

Rotifer 

Spirogyra 

20-30 
40 

'26-S6' 
25-40 

Surirella 

Tetraspora 

25' 

20-40 
25 

Ulothrix 

26' 

40-80 

35 

120-160 

'16^36 

10-15 

Water  Mite 

This  tabulation  rovers  sample.^  from  Agua  Clara  Reservoir,  Brazos  Brook  Reservoir 
Comacho  Reservoir  and  the  following  sets  of  samples  from  Lake  Gatun:  Monte  Lirio' 
Frijoles   Darien,  and  spillway  and  center  wall  of  Gatun  Dam  and  Locks  at  Gatun     ' 

A  study  of  the  Plankton  data  shows  that,  contrary  to  studies  of  other  tropical  waters 
the  diatoms  in  the  reservoirs,  lakes,  and  rivers  on  the  Isthmus  of  Panama  are  relatively 
abundant.  •' 

Chambers  in  an  article  in  the  twenty-third  annual  report  of  the  Missouri  Botanical 
Gardens,     The  relation  of  algae  to  dissolved  oxygen  and  carbon-dioxide,"  states  that 

l^ritsch  thinks  that  the  scarcity  of  diatoms  in  tropical  waters,  noted  especiallv  at 
Ceylon,  is  due  to  the  small  amount  of  dissolved  gases  in  the  waters,  and  not  to  the  high 
temperature,  per  se,  except  m  so  far  as  it  influences  the  amount  of  cUssolved  gases. 
He  found  them  only  in  aerated  waters,  i.  e.,  running  streams.  He  did  not  have  data 
as  to  the  amount  of  dissolved  gases,  but  assumes  a  priori  that  a  high  temperature,  25° 
C  must  of  necessity  indicate  a  low  gas  content,  as  indicated  by  figures  from  Forel's 
tables.  _  The  lowest  temperature  attained  by  the  lowland  waters  of  Ceylon  was  25°  C  , 
which  in  the  table  corresponds  to  5  c.  c.  of  oxygen  per  liter  " 

"In  this  connection  it  is  interesting  to  mention  H.  W.  Clark's  report  of  Melosira  in 
Guatemala,  where,  he  says,  'One  of  the  most  striking  features  of  the  Amatitlan  plank- 
n   V^   T.^  abundance  of  Melosira,  which  is  found  abundantly  in  the  bottom  of  nearly 
all  the  hauls,  and  usually  makes  up  the  main  mass  of  all  the  filamentous  material 
ihe  specimens  occur  in  long  rigid  filaments.' 

''West  says:  'Diatoms  are  not  a  feature  of  the  plankton  in  the  Yan  Yean  Reservoir 
at  Victona,  Australia,  although  Melosira  granulata  occurs  abundantly,  and  is  never 
absent  from  the  collections.'  " 

The  following  table  shows  the  relative  abundance  of  diatoms  in  relation  to  the  total 
number  of  standard  units  of  Diatomaceae,  Chlorophyceae,  Cyanophyceae,  Protozoa, 
1*  ungi  and  Schizomycetes,  Rotifera  and  Crustacea  which  were  found  in  the  358  sam- 
ples of  water  collected  from  the  Chagres  River,  Brazos  Brook,  Agua  Clara,  Comacho 
and  Rio  Grande  Reservoirs  and  Gatun  Lake. 
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Total 
standard 

units  of 
all  classes, 

per  c.  c. 


Standard 
units  of 

diatoms, 
per  c.  c. 


Per  cent  of 
diatoms. 


Chagres  River 

Reservoirs: 

Brazos  Brook. . . 

Agua  Clara 

Comacho— 

Surface 

Subsurface. . 

Rio  Grande 

Gatun  Lake: 

At  Frijoles  i 

At  Monte  Lirio  2 


17,419 

6,778 
7,136 

79, 107 
121,034 
15,293 

10,588 
3,330 


11,967 

247 
108 

48,390 

94, 182 

5,548 

7,938 
897 


68 

3.6 
1.5 

61 
77 
36 


One  sample  per  month  during  11  months. 


-  One  sample  per  month  during  12  months. 


The  small  numbers  of  diatoms  in  Brazos  Brook  and  Agua  Clara  Reservoirs  offer  a 
striking  contrast  to  those  in  the  other  sources  of  supply.  While  sufficient  data  are 
not  available  to  permit  a  conclusive  explanation,  the  chemical  characteristica  in  the 
following  table  would  indicate  that  the  differences  in  composition  of  the  waters  of  the 
various  supplies  are  partly  responsible  for  the  variations  in  the  numbers  of  diatoms. 
The  silica,  alkalinity,  calcium,  magnesium,  and  total  mineral  matter  are  present  in 
noticeably  smaller  amounts  in  Brazos  Brook  and  Agua  Clara  Reservoirs.  Nitrates  were 
not  determined  in  the  water  from  the  former  during  the  year,  and  only  during  the  last 
five  months  in  the  water  from  the  latter.  During  this  period  no  nitrates  were  found 
while  they  were  present  in  varying  amounts  in  the  other  supplies.  As  determina- 
tions of  free  ammonia  were  not  made  except  in  the  case  of  Chagres  River,  its  influence 
is  undetermined. 


Source  of  water. 

Reservoirs. 

Gatun  Lake. 

Chagres 
River. 

Brazos 
Brook. 

Agua 
Clara. 

Comacho. 

Rio 

Grande. 

Monte 
Lirio. 

Surface. 

Sub- 
surface. 

Frijoles. 

26-29.5 
127.7 
10-81 

2  1-102 
39-60 

3. 2-7. 2 

40-77 

0-0.1 

0-0.046 

0-0. 098 

24.5 

27-30. 4 

128.5 

22-32 

1-24 

22-44 

1.75-9.03 
22-116 

27-30. 6 
128.5 
25-90 
13-45 
14-20 

3.9-8.0 
48-106 
O-Tr. 

26. 5-30 

128 

10-30 

1-7 

52-65 

.3.9-11.2 

49-144 

0-0.025 

26.7-30.5 

128.5 

11-170 

1-20 

43-71 

0-6.3 

0-83 

0-0.05 

Color.  ..          

10-240 

1-30 

29-63 

5-20 

0-7 

46-53 

5-18 

Turbidity 

0-10 

Alkalinity 

44-52 

Oxygen: 

P.  P.M 

Nitrogen  as  nitrates. . 
FreeNTIj 

0-0.05 

Alb.  NII3 

11.8 
72 

14.9 
56.5 

28.3 
104 

24.8 
117 

Solids 

109 

12.6 

4.1 

2.86 

0-3.4 

7.58 

2.6 

2.53 

0.2-1.0 

3.84 

1.53 

2.49 

0. 3-2. 05 

11.76 

5.68 

Tr. 

0. 1-4. 6 

11.15 

5.86 

0.52 

0. 1-3. 3 

Magnesium-Mg 

Sulphate  radicle  (SOi) 
Iron 

0-0.45 

0. 10-0. 30 

0-0.50 

1  Average. 


.Vverage  6  and  23. 


Notes. 


Chagres  River:  Figures  forSi02,  solids,  Ca,  Mg,  and  SOi  represent  averages  of  two  mineral  analyses  of 
composite  samples  collected  daily  during  July,  19ir),  and  Marcn,  1916. 

Brazos  Brook  and  Agua  Clara:  The  same  determinations  as  listed  above  were  taken  from  mineral 
analyses  of  composite  samples  collected  daily  during  November  from  the  former  and  latter  reservoirs, 
respectively. 

Comacho:  The  same  determinations  as  listed  above  were  taken  from  a  mineral  analysis  of  a  sample 
collected  on  March  31,  1916. 

Rio  (Jrande:  The  same  determinations  as  listed  above  were  taken  from  a  raimnal  analysis  of  a  sample 
collected  on  April  6,  1916. 
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Of  the  20  genera  of  the  class  of  Diatomace*  which  were  identified   Nitzchia  was 
predominanr,  as  the  following  table  shows.  ' 


Source. 

Total 

slandani 

units  of  all 

Diatoms 

per  c.  c. 

Standard 
units  of 

Nitzcliia 
per  c.  c. 

Per  cent  of 
Nitzchia. 

Chagres  River 

11,967 

247 
108 

48,390 
94,182 
5,548 

7,938 

897 

10,653 

166 
18 

48, 171 
93,380 
5,513 

7,884 
849 

89 

67 
16 

99 
99 
99 

99 
94 

Reservoirs: 

Brazos  Brook 

Agua  Clara 

Comacho— 

Surface 

Subsurface 

Rio  Grande 

Gatun  Lake: 

AtFrijoles 

At  Monte  Lirio 

The  other  19  genera  were  present  in  relatively  small  amounts. 


Genera. 


Synedra 

Navicula 

Diatoma 

Rhizosolenia . . . 

Encyonema 

Amphora 

Cymbella 

Pleurosigma 

Tabellaria 

Stephanodiscus 


Number 
of  stand- 
ard units 
per  c.  c. 


754 
512 
415 
193 
152 
121 
73 
48 
47 
42 


Genera. 


Cyclotella... 

Cocconeis 

Melosira 

Stauroneis . . 

Meridian 

Fragilaria . . . 
Epithemia. . 

Surirella 

Asterionella . 
Unidentified 


Number 
of  stand- 
ard units 
per  c.  c. 


The  seasonal  distribution  of  this  class  is  shown  in  the  following  table. 
Seasonal  distribution  of  Diatomacese. 


Source  of  water. 

Chagres 
River. 

Reservoirs. 

Brazos 
Brook. 

Agua  Clara. 

Rio  Grande. 

Comacho. 

March  to  July,  inclusive: 

Range,  standard  units 

26-1,272 

309 

27 

0 

2  8-    374 
72 
50 

0 

0-102 
12 
19 

6 

ft-168 
10 
25 

10 

0-  7 
2 
13 

6 

0-14 

3 

28 

12 

16-852 

227 

15 

0 

3  3-520 
69 
27 

0 

Average,  standard  units . . 

Number  of  samples 

Number  of  samples  in  which  class  was 
absent 

31 

August  to  February,  inclusive: 
Range,  standard  units. . 

Average,  standard  units. . 

Number  of  samples 

Number  of  samples  in  which  class  was 
absent 

9 

J  Three  samples  in  March,  1916,  did  not  contain  any  Diatoms 

2  Sample  collected  on  Feb.  26,  1916. 

3  Sample  collected  on  Feb.  24,  1916. 
<  Sample  collected  on  Oct.  19,  1915. 

t-hS:?.^.  P^^H-'  '^.7°  samples  in  September,  1915,  contained  102  and  168  Diatoms,  respectively.    Omitting 
fSf  H^et^.''^?®  °'"  *^'®  P®'"!*?''  of  August  to  February  would  be  0-16.    With  the  exception  of  these  two  counts 
the  distribution  was  practically  the  same  throughout  the  year 
Agua  Clara:  The  distribution  was  practically  the  same  throughout  the  year. 
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Chlorophycepe. — The  following  table  shows  the  relative  abundance  of  this  class 
in  relation  to  the  total  number  of  standard  units  of  Diatomacese,  Chlorophycese, 
Cyanophycese,  Protozoa,  r'ungi  and  Schizoniycetes,  Rotifera  and  Crus^tacea,  which 
were  found  in  the  335  samples  of  water  collected  from  the  Chagres  River,  Brazos 
Brook,  Agua  Clara,  Comacho,  and  Rio  Grande  reservoirs. 


Source. 

Total 

staudard 

units  of  all 

classes 

per  c.  c. 

Standard 

units  of 

Chlorophy- 

cese  per 

c.  c. 

Per  cent  of 

Chlorophy- 

ceie. 

Chagres  River .                                    

17,419 

6,778 
7,136 

79, 107 

121,634 

15,293 

1,441 

1,150 
2,295 

2, 814 
3,482 
2,967 

8 

Keservoirs: 

Brazos  Brook. .                               

17 

Ajrua  Clara 

32 

Comacho— 

Surface . .  .  .                             

3.5 

Subsurface 

2.8 

Rio  Grande...                                           

19 

Of  the  29  genera  identified,  Protococcus  and  Staurastrum  were  present  in  the  five 
water  supplies  with  the  greatest  relative  abundance,  as  the  following  tabulation  shows. 


Source. 


Chagres  River 

Reservoirs: 

Brazos  Brook.. 

Agua  Clara 

Comacho — 

Surface 

Subsurface 
Rio  Grande 

Total.... 


Standard 

units  of 

Chlorophy- 

ceae,  per 

c.  c. 


1,441 

1,150 
2,295 

2,814 
3,482 
2»967 


Protococcus 

standard 

units  per 

c.  c. 


14,149 


284 


151 

1,302 


Per 
cent. 


504 
551 

248 


3,040 


Staunvstrum 
standard 
units  per 


477 
170 

346 
633 
336 


2,123 


Per 

cent. 


The  other  seven  genera  were  present  in  the  five  Avater  supplies,  as  shown  in  the 
following  tabulation : 


Genera. 


Cosmariumi. . 
I'ediastrum... 
Scenodesmus . 

Euderina 

Gloeocystis... 

Ulothrix 

Botyrococcus. 
Arthi'odesmus 

Pandorina 

Closterium 

Conferva 

Polyedrium... 
Coelastrum . . . 
Raphidium . . . 


Number 
of  stand- 
ard units 
per  c.  c. 


2,481 
744 
577 
549 
504 
490 
417 
416 
394 
228 
1S6 
156 
1.53 
77 


Genera. 


Tetraspora 

Conium 

Spharrozosma 
Xanlhidium.. 
Desiniilium. . 
Micrasterias.. 
Ophiocytium. 
SorasI  rum . . . , 
Staurogenia.. 

I'cniiim 

Palmella 

Spirogyra 

Tetmemorus . 
Unidentified . 


Number 
of  stand- 
ard units 
per  c.  c. 


1,221 


•  1,541  s.  u.  of  this  genera  occurred  in  samples  collected  dui'ing  May  and  June  from  Rio  (irando  Reservoir. 
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Filamentous  desniicls  do  not  appear  to  be  so  abundant  in  the  ("anal  Zone  rest-i- 
voira  and  the  ("hasies  River  as  in  some  other  tro]ii(al  waters,  Huch  as  those  of  Cey- 
lon, India,  and  Van  Yean,  Australia,  in  which  J'ritsch  found  a  great  variety  and 
abundance  of  forms.  The  theory  had  been  advanced  that  filamentous  desmids  are 
more  abundant  in  tropical  waters  because  the  dissolved  oxygen  content  is  low. 
From  the  microscopical  analyses  made  dining  the  year  the  following  data  relating 
to  this  point  have  been  selected. 

In  248  samples  from  the  Chagies  River,  Brazos  Brook,  Agua  Clara,  Comacho,  and 
Rio  Grande  reservoirs,  in  which  chlorophycese  were  found  to  be  ])resent,  filamentous 
forms,  Ulothrix,  Conferva,  Spharozoma,  and  8pirog>Ta,  and  desmidium  were  observed 
in  66.  Out  of  a  total  of  14,249  standard  units  of  chlorophycese  there  were  only  803 
standard  imits,  or  5.8  per  cent  of  these  forms. 

Out  of  55  samples  collected  from  Comacho  Reservoir  at  various  depths  below  the 
smface,  in  which  dissolved  oxygen  was  entirely  lacking  in  9  samples  and  in  17  other 
samples  varied  from  2.5  to  83  per  cent  saturation  with  an  average  of  59  per  cent, 
only  3  samples  contained  filamentous  forms,  Ulothrix  and  Spharozoma,  with  a  total 
of  40  standard  iniits  out  of  a  gi'and  total  of  3,482.  The  temperature  of  these  samples 
ranged  from  26.5  to  30.0°  C,  with  an  average  of  28°  C.  Filamentous  desmids  were 
not  observed  in  any  of  the  34  samples  collected  from  the  sinface  of  the  same  reser- 
voir. The  dissolved  oxygen  in  these  samples  varied  from  49.5  to  144  per  cent  sat- 
uration, with  an  average  of  93  per  cent.  The  temperature  varied  from  26.7°  C.  to 
30.5°  C,  with  an  average  of  28.5°  V.  The  alkalinity  in  both  the  sinface  and  sub- 
surface samples  varied  from  43  to  71  parts  per  million,  expressed  as  CaCO;,. 

Out  of  42  samples  from  Rio  Grande  Reservoir,  collected  at  varying  depths  below 
the  Biuface  and  containing  small  amounts  of  dissolved  oxygen,  filamentous  forms 
were  foimd  in  6,  amounting  to  118  standard  imits  out  of  a  total  of  2,967.  The  alka- 
linities  of  these  samples  varied  from  29  to  63  parts  per  million. 

Out  of  77  samples  from  the  Ohagres  River  filamentous  desmids  were  observed  in 
17,  amoimting  to  325  standard  units  out  of  a  total  of  1,441.  The  dissolved  oxygen 
in  these  samples  varied  from  40  to  77  per  cent  satmation,  with  an  average  of  64.4 
per  cent.  The  temperature  varied  from  26  to  29.5°  C,  with  an  average  of  27.7°  C. 
The  alkalinitiea  varied  from  39  to  60  parts. 

Out  of  41  samples  from  Agua  Clara  Reservoir"  filamentous  desmids  were  observed 
in  19,  amounting  to  142  standard  units  out  of  a  total  of  2,295.  The  dissolved  oxygen 
content  of  the  water  drawn  from  this  reservoir  dining  the  year  varied  from  48  to  106 
per  cent  saturation,  with  an  average  of  80  per  cent.  The  temperature  varied  from 
27  to  30°  ('.,  with  an  average  of  28.5°  0.  The  alkalinities  varied  from  14  to  20.5  parts 
per  million,  with  an  average  of  18  parte. 

Out  of  44  samples  from  Brazos  Brook  Reservoir  filamentous  desmids  were  observed 
ia  16,  amounting  to  176  standard  units  out  of  a  total  of  1,150  standard  units  of  chlo- 
rophycese. The  dissolved  oxygen  content  of  the  water  drawn  from  this  reservoir 
during  the  year  varied  from  22  to  119  per  cent  saturation,  with  an  average  of  83  per 
cent.  The  temperature  varied  from  27  to  30.4°  C,  with  an  average  of  38.5°  C.  The 
alkalinities  varied  from  22  to  44  parts  per  million,  Tvdth  an  average  of  35  parts.  Out 
of  176  standard  units  166  were  found  in  10  samples  collected  between  March  22  and 
Alay  26,  during  which  time  the  bottom  intake  was  open  and  water  was  dra\vn  from 
a  depth  of  about  25  feet  below  the  smface.  Some  of  the  chemical  characteristics 
of  the  water  during  this  period  are  shown  in  the  following  table. 


Minimum. 

Maximum. 

32 

75 

27.3 

29.7 

38 

44 

22 

32 

t 

12 

1.2 

4.2 

.25 

.00 

Dissolved  oxygen,  per  cent  saturation. 

Temperature 

Alkalinity 

Color 

Turbidity 

Free  carbonic  acid 

Iron 


The  smaller  number  of  filamentous  forms  in  the  samples  collected  below  the  sur- 
face from  Comacho  Reservoir  would  indicate  that  the  alkalinity  and  iron  are  factors 
to  be  considered,  for  while  the  water  in  this  reservoir"  was  more  stagnant  and  con- 
tained less  oxygen  than  that  in  Brazos  Brook  Reservoir  the  alkalinity  of  the  former 
ranged  from  43  to  71  parts  as  against  38  to  44  parts  in  the  latter  and  the  iron  in  the 
former  ranged  from  0.1  to  4.6  parts,  with  an  average  of  1.25  parts,  as  against  0.25  to 
0.60,  with  an  average  of  0.5  parts,  in  the  latter. 
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Abundant  growths  of  SpirogjTa  ha^e  been  obser\ed  on  the  walls  and  bottom  of 
the  uncovered  sedimentation  basin  of  the  Miraflores  purification  plant,  which  is  125 
feet  wide  by  300  feet  long,  with  an  average  depth  of  16  feet  of  water  under  ordinary- 
working  conditions,  and  holds  approximately  4,500,000  gallons  of  water.  It  is  oper- 
ated on  the  continuous  plan  and,  theoretically,  the  water  is  changed  every  12  hours. 
The  greatest  growth  occurs  on  the  bottom,  although  long  strands  may  be  seen  attached 
to  the  baffles  and  walls  and  iron  ladders.  The  Spirogyra  also  grows  on  the  bottoms 
of  the  skimming  platforms  at  the  filter  building  end  of  the  basin,  where  the  water  is 
about  1  foot  deep.  In  general,  the  water  is  not  sufficiently  clear  to  see  the  bottom 
of  the  basin.  The  water  is  fully  aerated  before  it  enters  the  basin,  and  the  dissolved 
oxygen  ranges,  in  general,  between  90  and  100  per  cent  saturation  at  the  outlet  end, 
so  that  neither  this  factor  nor  poor  circulation  can  account  for  the  luxurious  growth. 
Occasionally  the  water  is  so  clear  that  the  bottom  of  the  basin  may  be  seen,  and  at 
such  times  a  pattern  in  the  sediment  of  interesting  channels,  extending  from  baffle 
to  baffle,  presents  a  striking  and  unusual  appearance.  It  is  thought  that  these  chan- 
nels are  caused  by  the  decay  and  drawing  apart  of  the  SpirogjTa,  but  the  exact  nature 
of  the  process  is  not  thoroughly  understood  at  present.  Similar  growths  have  never 
been  observed  in  the  basins  at  the  Mount  Hope  and  Agua  Clara  purification  plants. 

Seasonal  distribution  of  chlorophycese. 


Source  of  water. 

m 

Chagres 
River. 

Reservoirs. 

Brazos 
Brook. 

Agua 
Clara. 

Rio 
Grande. 

Comaclio. 

March  to  July,  inclusive: 

Range,  standard  units 

0-190 
24 
27 

6 

0-236 
20 
50 

17 

lS-92 
42 
19 

0 

0-67 
16 
25 

10 

10-530 

133 

13 

0 

O-80 
17 
28 

2 

6-644 

141 

15 

0 

2-124 
19 
27 

0 

0-535 

Average,  standard  units 

89 

29 

Number  of  samples  in  which  class  was 

2 

August  to  February,  inclusive: 

0-140 

29 

Number  of  samples 

26 

Number  of  samples  in  which  class  was 

4 

Cyanophycex. — ^The  following  table  shows  the  relative  abundance  of  this  class  in 
relation  to  the  total  number  of  standard  units  of  Diatomaceae,  Chlorophycea), 
Cyanophyceaj,  Protozoa,  Fungi  and  Schizomycetes,  Rotifera  and  Crustacea  which 
were  found  in  the  335  samples  of  water  collected  from  the  Chagres  River,  Brazos 
Brook,  Agua  Clara,  Comacho,  and  Rio  Grande  reservoirs: 


Source. 

Total 
standard 

units  of 
all  classes, 

per  c.  c. 

Standard 
units  of 

cyanophy- 

cete, 

per  c.  c. 

Per  cent  of 

cyanophy- 

cese. 

17,419 

6,778 
7,136 

79, 107 

121,034 

15, 203 

288 

1,082 
1,001 

2,332 

1,627 

738 

1.6 

Reservoirs: 

15.0 

14.0 

Comacho— 

3.0 

1.3 

4.8 
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Of  the  13  genera  identified  there  was  no  one  form  predominent  in  all  of  the  supplies. 
The  distribution  in  the  five  water  supplies  may  be  seen  in  Table  No.  23,  Distribution 
of  Cyanophycese.  The  following  tabulation  shows  the  total  standard  units  of  the 
genera  in  all  samples  in  which  they  occurred: 


Genera. 


Aphanocapsa... 

Cnroococcus 

Oscillaria 

Aphanizomenon 

Clathrocystis 

Microcystis 

Nostoc 


Number 

of 

standard 

units  per 

c.  c. 


1,895 

1,213 

577 

87 

40 

13 

2 


Genera. 


Lyngbya 

Anabaena 

Gloeocapsa 

Rivularia 

Cylindrospermum 

Sphaerozyjra 

Unidentified 


Number 

of 
standard 
units  per 


1,410 

1,009 

113 

41 

14 

8 

646 


Seasonal  distribution  of  Cyanophycese. 


Source  of  water. 

Chagres 
River. 

Reservoirs. 

Brazos 
Brook. 

Agua 
Clara. 

Rio 
Grande. 

Comacho. 

March  to  July,  inclusive: 

Range,  standard  units 

Average,  standard  imits 

Number  of  samples 

0-42 
5 
27 

16 

0-16 

3 

50 

25 

0-180 
33 
19 

1 

0-75 
13 
25 

3 

0-60 
15 
13 

4 

10-292 
30 
28 

5 

0-200 
34 
16 

4 

0-28 

7 

26 

7 

0-330 
40 
31 

10 

2  0-132 
15 
24 

11 

Number  of  samples  in  which  elass  was 
absent 

August  to  February,  inclusive: 

Range,  standard  units 

Average,  standard  units 

Number  of  samples 

Number  of  samples  in  which  class  was 
absent 

>  Sample  collected  on  Oct.  14,  1915. 


2  Sample  collected  on  Oct.  19,  1915. 


Protozoa.— The  following  table  shows  the  relative  abundance  of  this  class  in 
relation  to  the  total  number  of  standard  units  of  Diatomacese,  Chlorophyceae, 
Cyanophyceae,  Protozoa,  Fungi  and  Schizomycetes,  Rotifera  and  Crustacea  which 
were  found  in  the  335  samples  of  water  collected  from  Chagres  River,  Brazos  Brook, 
Agua  Clara,  Comacho,  and  Rio  Grande  reservoirs: 


Source. 

Total 

standard 

units  of  all 

classes  per 

c.  c. 

Standard 
imits  of 

Protozoa 
per  c.  c. 

Per  cent  of 
Protozoa. 

Chagres  River 

17,419 

6,778 
7,136 

79, 107 

121,634 

15,293 

2,091 

2,558 
2,243 

22,245 
14, 572 
3,067 

12 

Reservoirs: 

Brazos  Brook- 

37 

Agua  Clara 

31 

Comacho— 

Surface 

28 

Subsurface 

12 

Rio  Grande 

20 
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Of  the  27  genera  identified,  Glenodinium  and  ChlamydDmonas  were  present  in  tne 
five  water  supplies  with  the  greatest  relative  abundance,  as  the  following  tabidation 
shows : 


Source. 


Standard 
units  of 

Protozoa 
per  c.  c. 


Gleno- 

diuium 

standard 

units  per 

c.  c. 


Per 
cent. 


Chlamydo- 

monas 

standard 

units  per 

c.  c. 


Per 

cent. 


Chagres  River 

Reservoirs: 

Brazos  Brook.. 

Agua  Clara 

Comacho — 

Surface 

Subsurface 
Rio  Grande 


2,091 

2,558 
2,243 

22, 245 
14,572 
3,067 


485 

1,859 
1,533 

490 
722 
146 


2.2 
4.9 

4.7 


46,776 


5,235 


149 
22 

13,852 
6,824 
2, 208 


23,589 


5.8 
0.9 

62.0 
46.0 
74.0 


50.0 


The  other  25  genera  were  present  in  the  5  water  supplies,  as  shown  in  the  following 
tabulation : 


Genera. 


Peridinium 

Phacus 

Monas 

Trachelomonas 

Euglena 

Dinobryon 

Nassula 

Vorticella 

Raphidomonas 

Zoothamniuni 

Cryptomonas 

Dactylosphaerium 

Halteria 

Enchelys 


Difflugia 

Coleps 

Amo?ba 

Synura 

Colpidium 

Mallomonas... 

Epistylis 

Euplotes 

Euglypha 

Codonella 

Areolla 

Unidentified . . 

Do 

(Acorn  shape). 


Number 
of  stand- 
ard units 
perC.C. 


31 

30 

22 

20 

18 

16 

8 

8 

7 

4 

4 

4,237 

6,353 


Seasonal  distribution  of  Protozoa. 


March  to  July,  inclusive: 

Range,  standard  units 

Average  standard  units 

Number  of  samples 

Number  of  samples  in  which  class  was 

absent 

August  to  Febniary,  inclusive: 

Range,  standard  units 

Average  standard  units 

Number  of  samples 

Number  of  samples  in  which  class  was 
absent 


Chagres 
River. 


0-512 
50 
27 


0-90 
14 
50 


Brazos 
Brook. 


0-188 
33 
19 


0-204 
77 
25 


Agua 
Clara. 


Rio 

Grande. 


28-216 
92 
13 


4-112 
37 
28 


-284 
92 
16 


2-244 
60 
26 


Comacho. 


1()-3,8.J0 

314 

31 


3-784 
201 
24 
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The  following  tables  accompany  (lie  plivsioloo;ist  \s  section  of  lliis  report  ■ 

Table  No.  1.  Summary  of  Operation  of  Miraflores  Purification  Plant  for  Fiscal  Year 

Ji/nding  June  30,  1916. 

YtS^E^  ^•'^'<^^]  Summary  of  Operation  of  Mount  Hope  Purification  Plant  for  l-'iscal 

Table  Xo-^S    Summary  of  Operation  of  Agua  Clara  Purification  Plant  for  l-'iscal 
1  ear  Ending  June  30,  1916. 

Table  No.  4    Number  of  Colonic^  Per  Cubic  Centimeter  in  Raw  Water,  Miraflores 
Purification  Plant,  tor  Fiscal  Year  Ending  June  30,  191(5. 

Table  No.  5.  Number  of  Colonies  Per  Cubic  Centimeter  in  Water  Delivered  to 
Mams,  Miraflores  Purification  Plant,  for  Fiscal  Year  Ending  June  30   1916 
_  Table  No.  6.  Number  of  Colonies  per  Cubic  Centimeter  in  Water  from  Distribu- 
o!?^-,^?^^*^°^  Supplied  by  Miraflores  Purification  Plant,  for  Fiscal  Year  Ending  June 
60,  lUlo.  ° 

Table  No.  7.  Numbers  of  the  Members  of  the  Colon  Group  in  the  Inflow  and  Outflow 
at  Miraflores  Purification  Plant,  for  Fiscal  Year  Ending  June  30,  1916 

Table  No.  8.  Numbers  of  Colonies  per  Cubic  Centimeter  in  Raw  Water    Mount 
Hope  Purification  Plant,  for  the  Fiscal  Year  Ending  June  30,  1916 
^T^^'^Hr^"-  9.  Numbers  of  Colonies  per  Cubic  Centimeter  in  Water  Delivered  to 
Mains  Mount  Hope  Purification  Plant,  for  the  Fiscal  Year  Ending  June  30   1916 

Table  No.  10.  Numbersof  Colonies  per  Cubic  Centimeter  in  Water  from  Distribution 
^ystem  Supplied  by  Mount  Hope  Purification  Plant,  for  Fiscal  Year  Ending  June  30, 

Table  No.  11.  Numbers  of  Members  of  the  Colon  Group  in  the  Inflow  and  Outflow 
at  Mount  Hope  Purification  Plant,  for  Fiscal  Year  Ending  June  30   1916 

Table  No.  12.  Numbers  of  Colonies  per  Cubic  Centimeter  in  Raw  Water    Ac>ua 
Clara  Purification  Plant,  for  Fiscal  Year  Ending  June  30,  1916. 

Table  No.  13    Numbers  of  Colonies  per  Cubic  Cenrimeter  in  Water  Delivered  to 
Mains  Agua  Clara  Purification  Plant,  for  the  Fiscal  Year  Ending  June  30   1910 
Table  No   14.  Numbers  of  the  Members  of  the  Colon  Group  in  the  Inflow  and 

A^  iT  AT      "^^^    ^''^  Purification  Plant,  for  the  Fiscal  Y'ear  Ending  June  30   1916 
lable  No.  15.  Physical  and  Chemical  Character  of  Raw  and  Filtered  Water,  Mira- 
flores Purification  Plant,  for  the  Fiscal  Year  Ending  June  30,  1916 

Table  No.  16_.  Physical  and  Chemical  Character  of  Raw  and  Filtered  Wuter,  Mount 
Hope  Purification  Plant,  for  the  Fiscal  Year  Ending  June  30,  1916 

Table  No.  17.  Physical  and  Chemical  Character  of  Raw  and  Filtered  Water,  Agua 
Clara  Purification  Plant,  for  Fiscal  Year  Ending  June  30,  1916. 

Table  No   18.  Physical  and  Chemical  Character  of  Water  from  Comacho  Reservoir, 
for  1'  iscal  Year  Ending  June  30,  1916. 

Table  No.  19.  Physical  and  Chemical  Character  of  Water,  Rio  Grande  Reservoir, 
for  Fiscal  ^  ear  Ending  June  30,  1916. 

Table  No.  20.  Mineral  Analyses. 

Table  No.  21.  Diatomaceae,  Genera  Present  in  Samples  Examined  During  Fiscal 
Year  Ending  June  30,  1916. 

Table  No.  22.  Chlorophyceae,  Genera  Present  in  Samples  Examined  During  Fiscal 
Year  Ending  June  30,  1916.  ° 

Table  No.  23.  Cyanophyceae,  Genera  Present  in  Samples  Examined  During  Fiscal 
Year  Ending  June  30,  1916.  * 

Table  No.  24.  Protozoa,  Genera  Present  in  Samples  Examined  During  Fiscal  Year 
Ending  June  30,  1916. 

Table  No.  25.  Fungi  and  Schizomycetes;  Rotifera;  Crustacea:  Genera  Present  in 
bamijles  Examined  During  Fiscal  Year  Ending  June  30,  1916. 
63503°— 16 12 
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Table  No.  1. — Summary  of  operation  of  Mirajlores  purification  plant. 


1915 

July 

August 

September 

October 

Novemlier 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average 


Volumes  of  water. 


Raw. 


226, 376, 000 
227, 064, 000 
233, 147, 000 
264,140,000 
28S,  330, 000 
260, 966, 000 


272,178,000 
240, 384, 000 
257, 387, 000 
242, 873, 000 
265, 936, 000 
258,780,000 


2,987,561,000 
248,963,000 


Filtered. 


222,661,000 
229,734,000 
230, 843, 000 
259, 363, 000 
237, 361 ,  000 
260,118,000 


265,176,000 
244, 460, 000 
261,302,000 
247,366,000 
261,436,n{X) 
258,  780, 000 


2,978,486,000 
248, 207, 000 


Delivered  to 
consumers. 


217,997,000 
225, 364, 000 
225, 055, 000 
254,531,000 
234, 369, 000 
255, 527, 000 


259,543,000 
238,501,000 
254,411,000 
242, 139, 000 
256, 297,  OrX) 
253,185,000 


2,916,979,000 
243,081,000 


■Wash  water. 


4,664,000 
4,370,000 
5, 78S  000 
4, 732, 000 
2, 992, 000 
4,591,000 


5, 633, 000 

5, 885, 000 
6,891,000 
5, 227, 000 
5,139,000 
5,595,000 


01,507,000 
5,126,000 


Month. 


1915. 

July 

August 

September — 

October 

November 

December 

1916. 

January 

February 

March . .'. 

April 

May 

June 

Total... 
Average 


Operation  of  filters. 


Total 
filter 
hours. 


4,121.5 
4,325.1 
4,  400. 0 
5,031.0 
4,447.1 
4, 909. 8 


4,970.8 
4,504.2 
4,MS.O 
4,651.3 
4,928.2 
4,849.5 


56, 206. 5 
4.683.9 


Average 

hours 
per  filter 
per  day. 


9.5 
9.9 
10.5 
11.6 
10.6 
11.5 


11.7 
11.3 
11.3 
11.1 
11.4 
11.6 


Gallons 

of  water 

per  filter 

hour. 


54,000 
52, 500 
52,400 
51,400 
53, 400 
52,500 


53, 300 
53, 100 
53.100 
53,100 
53,000 
53, 400 


53,000 


Million 
gallons 
per  acre 
per  day. 


132.9 
129.0 
128.9 
126.2 
131.1 
129.0 


131.0 
130. 5 
130.5 
130. 5 
130.2 
131.1 


130.3 


Filter  runs  in  hours. 


Aver- 
age. 


29.3 
28.7 
21.7 
35.8 
50. 0 
40.9 


30.2 
24.2 
27.3 
31.5 
34.8 
38.3 


31.3 


Maxi- 
mum. 


60.1 
54.4 
46.9 
53.6 
95.9 
78.7 


49.5 
39.7 
41.2 
44.3 
57.0 
57.7 


Mini- 
mum. 


2.0 
10.5 
10.3 
13.0 
29.7 
23.1 


17.3 
12.2 
14.6 
17.7 
31.5 
18.4 


Number 
of  filters 
washed. 


113 
149 
198 
141 
86 
124 


166 
185 
ISO 
115 
142 
128 


,787 
149 


Per 
cent  of 
wash 
water. 


2.02 
1.91 
2.51 
1.87 
1.26 
1.76 


2.13 
2.41 
2.67 
2.13 
1.97 
2.16 


Month. 


1915. 

July 

Augu.st 

September . . 

October 

Novcmljcr. . 
Deceml)er. . . 


1916. 

January 

February . . . 

March 

April 

May 

June 


Total . . . 
Average. 


Sedimentation  basis. 


Million 
gallons  of 
ahim- 
treatcd 
water 
wasted. 


4, 500, 000 
302,000 


4,500,000 


4, 827, 000 


1,000.000 
'4,'832,'666' 


19,901,000 


Per  cent 
o!  ahim- 
troated 
water 
wasted. 


.13 


1.7 


1.7 
"'.'is' 


Chemicals  applied. 


Alum. 


Total 
pounds. 


53, 842 
41,124 
36, 330 
47,121 
59, 240 
46, 762 


44, 988 
31,144 
30, 755 
35, 036 
43, 570 
52,112 


.522,024 
4.'^,502 


Pounds 

per 
million 

gallons. 


238 
182 
1.56 
178 
249 
ISO 


165 
130 
119 
143 
164 
202 


Hypochlorite  of  lime. 


Total 
pounds. 


4, 565 
4,938 
4,736 
5,4.56 
4,279 
3, 979 


3,  589 
3,  797 
3,972 
4,301 
4, 975 
4, 556 


.53, 143 
4,428 


Pounds 

per 
million 
gallons. 


20.5 
21.5 
20.5 
21.0 
18.0 
15.2 


13.5 
15.6 
15.3 
17.4 
19.0 
17.5 


Pounds 
per  mil- 
lion gal- 
lons 35 
per  cent 
bleach. 


Parts  per 

million 

axailable 

chlorine. 


17.5 
19.0 
19.5 
19.2 
18.1 
10.0 


13.2 
14.8 
13.2 
13.6 
14.0 
15.4 


0.73 
0.80 
0.82 
0.83 
0.76 
0.67 


0.55 
0. 62 
0.55 
0.57 
0. 59 
0.65 


0  68 
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Table  No.  2. — Suinmarij  of  operation  of  Mount  Hope  jnirifcalion  plant. 


Mouth. 


Volumes  of  water. 


Raw. 


Filtered. 


Delivered  to 
mains. 


Wash  water. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

ilarch 

April 

May 

June 

Total 

Average 


148,894,000 
146,988,000 
145,158,000 
131,756,000 
120,426,000 
124, 846, 000 


130, 715, 000 
122,971,000 
131,559,000 
121,203,000 
129,201,000 
121,068,000 


145,994,000 
144,438,000 
142, 258, 000 
127, 806, 000 
116, 826,  (KX) 
116,796,000 


126, 715, 000 
116,171,000 
125,359,000 
116,353,000 
123,151,000 
115,368,000 


141,270,000 
138,750,000 
134,080,000 
116, 480,  (XH) 
110,210,000 
109,100,000 


116,220,000 
106,650,000 
117,160,000 
110,980,000 
117,460,000 
109,660,000 


4,724,000 
5,688,000 
8, 178,(K)0 
11,326,000 
6, 616, 000 
7,696,000 


10,495,000 
9,521,000 
8, 199, 000 
5, 373, 000 
5,691,000 
5, 708, 000 


1,574,785,000 
131,232,000 


1,517,235,000 
126, 436, 000 


1,428,020,000 
119,002,000 


89,215,000 
7,435,000 


Month. 


Operation  of  filters. 


Total 
filter 
hours. 


Average 

hours 
per  filter 
per  day. 


Gallons 

per  filter 

hour. 


Million 
gallons 
per  acre 
per  day. 


FUter  runs  in  hours. 


Aver-     Maxi-      Mini- 
mum,    mum. 


Number 
of  filters 
washed. 


Per 
cent  of 
wash 
water. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total... 
Average 


2, 576.  8 
2, 493.  7 
2, 466.  8 
2, 537.  2 
2,  298.  3 
2,341.0 


2, 456.  9 
2, 289.  5 
2, 450.  7 
2,317.3 
2, 456.  1 
2,319.7 


13.9 
13.4 
13.7 
14.0 
12.7 
12.6 


13.2 
13.2 
13.2 
13.2 
13.2 
12.9 


56,600 
57,900 
57,000 
50, 300 
50, 800 
49,800 


51, 100 
50, 700 
61,150 
50, 210 
50, 140 
49, 730 


115.3 
118.0 
117.4 
102.5 
103.  5 
101.5 


104.1 
103.3 
104.2 
102.3 
103.0 
101.3 


24.4 
23.0 
16.1 
15.8 
29.3 
21.4 


12.9 
12.3 
15.5 
19.9 
19.0 
18.2 


33.7 
33.1 
25.8 
60.8 
60.7 
48.8 


21.7 
17.3 
27.1 
31.9 
26.0 
26.2 


16.8 
16.9 
7.7 
5.8 
8.3 
7.3 


7.0 
7.5 
9.3 
13.3 
13.9 
11.0 


107 
109 
162 
230 
105 
137 


195 
190 
168 
118 
132 
130 


3.24 
3.94 
5.76 

8.87 
5.64 
6.58 


8.28 
8.10 
6.54 
4.60 
4.45 
4.95 


29; 004.  0 
2, 417.  0 


13.27 


52, 169 


106.2 


18.9 


60.8 


16.9 


1,783 
148 


Month. 


1915. 

July 

AuglLst 

September . . . 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total... 
Average 


Sedimentation  basins. 


Million 
gallons 
of  alum- 
treated 
water 
wasted. 


2, 900, 000 
2, 550, 000 
2, 900, 000 
3,950,000 
3,600,000 
8,050,000 


4,000.000 
6, 800, 000 
6,200,000 
4, 850, 000 
6, 050, 000 
5, 700, 000 


57,550,000 
4, 796, 000 


Per  cent 
of  alimi- 
treated 
water 
wasted. 


1.95 
1.74 
2.00 
3.00 
2.99 
6.46 


3.06 
5.54 
4.71 
4.00 
4.68 
4.71 


3.65 


Chemicals  applied. 


Alum. 


Total 
pounds. 


18,205 
16,520 
15,343 
25,786 
20,361 
28, 273 


39,  aso 

42, 563 
41,956 
22,957 
22, 701 
21,286 


315,571 
26,298 


Pounds 

per 
million 
gallons. 


122 
113 
106 
196 
169 
226 


303 
347 
319 
190 
176 
176 


200 


Liquid  chlorine. 


Total 
poimds. 


Pounds 

per 
million 
gallons. 


51.25 
117.  75 
107.  75 
135.  50 
166.  75 


569.00 


1.77 
1.01 
.97 
1.15 
1.35 


Parts  per 
million 
avaOable 
chlorine. 


0.211 
.120 
.115 
.137 
.  160 
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Table  No.  3. — Summary  of  operation  of  Agua  Clara  pvrifiralion  plant. 


Month. 


1915. 

July 

August 

September 

October 

November 

December 

■    1916. 

January 

February 

March 

April 

May 

June 

Total 

Average 


Volumes  of  water. 


Raw. 


22,152,000 
21,977,000 
22, 514, 000 
23, 702, 000 
21,863,000 
24,480,000 


23, 643, 000 
22,267,000 
22,451,000 
23, 780, 000 
20, 625, 000 
21,491,000 


270, 965, 000 
22,580,000 


Filtered. 


20,927,000 
20,927,000 
21,114,000 
22, 127, 000 
20, 463, 000 
23, 168, 000 


22, 068, 000 
20, 867, 000 
20,786,000 
21,763,000 
19, 225, 000 
19, 650, 000 


253, 085, 000 
21,090,000 


Delivered  to 
mains. 


19,414,000 
19,507,000 
19, 822, 000 
20, 578, 000 
19, 377, 000 
21,605,000 


20,312,000 
19,958,000 
20,172,000 
21,082,000 
18,256,000 
18, 203, 000 


238, 286, 000 
18,191,000 


Wash  water. 


1,513,000 
1,420,000 
1, 292, 000 
1,549,000 
1,086,000 
1,563,000 


1,756,000 
929,000 
614,000 
681,000 
969,  (X10 

1,447,000 


14.819,0(10 
1,235,000 


Month. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total... 
Average 


Operation  of  filters. 


Total 
filter 
hours. 


839.9 
715.2 
670.3 
712.7 
714.4 
801.6 


791.4 
773.2 
735.  39 
892.  88 
791.  20 
632.  51 


9,070.70 
755. 70 


Average 

hours 
per  filter 
per  day. 


6.8 
5.8 
5.6 
7.9 
5.9 
6.4 


6.3 
6.7 
5. 93 
7.44 
6.3S 
5. 27 


Gallons 

per  filter 

hour. 


24,950 
29, 300 
31,. 500 
31,100 
28, 700 
28, 900 


27,900 
27, 000 
28, 200 
24,400 
24,300 
31,100 


28,110 


Million 
gallons 
per  acre 
per  day. 


90.7 
106.  5 
114.5 
113.0 
104.1 
105.0 


101.5 
98. 2 

102.5 
88.8 
88.4 

113.1 


102.2 


Filter  runs  in  hours. 


Aver- 
age. 


13.60 

13.  70 

14.  00 
11.30 
14.90 
12.10 


9.20 
15.94 
24.97 
32.89 
18.95 
12.70 


Maxi- 
mum. 


29.  83 
22.30 
22.30 
19.90 
27.00 
29.60 


16.70 
28.10 
52.08 
58.83 
54.58 
30.00 


Mini- 
mum. 


7.00 
7.90 
7.10 
1.70 
4.80 
3.60 


3.70 
6.20 
11.33 
9.25 
5.92 
5.58 


Number 
of  filters 
washed. 


649 
54 


Per 
cent  of 
wa.sh 
water. 


7.20 
6.79 
6.12 
7.00 
5.30 
6.70 


7.90 
4.33 
2.96 
3.13 

5.03 
7.36 


5.82 


Month. 


1915 

July 

August 

September 

October 

November 

December 

1916 

January 

February 

March 

April 

May 

June 

Total 

A  verage 


Sedimentation  basins. 


Million 
gallons  of 
alum- 
treated 
water 
wasted. 


1,225,000 
1,050,000 
1,400,000 
1,400,000 
1,400,000 
1,312,000 


1,575,000 
1,400,000 
1,665,000 
2,017,000 
1,400,000 
1,841,000 


Per  cent  of 
alum- 
treated 
water 
wasted. 


5.  54 
4.80 
6.23 
5. 92 
6.42 
5.36 


6.66 
6.28 
7.43 
8.46 
(•>.  81 
8.  .58 


17,685,000 
1,474,000 


Chemicals  applied. 


Alum. 


Total 
pounds. 


4,908 
5,144 
5,992 
5,456 
5, 456 
5,714 


6,100 
6, 030 
0, 506 
7,392 
7.  .503 
8, 342 


75,343 
6,279 


Pounds  per 
million 
gallons. 


221 
234 
206 
250 
249 
233 


258 
271 
290 
311 
353 
388 


Lime. 


Total 
pounds. 


791 
4,161 
3, 249 
2,601 
2,421 


13.223 
I  3, 108 


Poimds  per 
million 
gallons. 


185 
137 
130 
123 


144 


Average  of  4  months. 
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Table   Xo.   'i.—Xumbcrs   of  colonies   per  mhic  cenlimckr   in  raw  v.atcr,      Vlwflores 

purijicatwn  phinl. 


On  gelatine  at  20°  C,  48  hours. 

On  nutrient  agar  at  37.5°  C,  24  hours. 

Month. 

— 

O 
& 

a 

3 

d 

d 
a 

d 
d 

K 
1 

-a 
<s 

Variations    in     num- 
bers: Number  of  test 
days. 

■a 

o 
a 

a 

3 

d 
d 

a, 
P, 

i 

d 

3 

.2 
-3 

Variations    in    num- 
bers: Number  of  test 
days. 

S 
o 

o 

s 

CO 

o 

1 

d 

8 
S 

o 

> 
o 

1 
o 

§ 

CO 

o 

c 

o 

o 

CO 

4) 

o 
< 

1915. 
July 

1 

30 

274 
197 
261 
174 
465 
285 

196 
147 
187 
350 
248 
405 

225 
180 
191 
97 
312 
212 

154 
130 
137 
308 
206 
243 

5 
3 
1 
16 
2 
1 

9 
12 
1 
0 
0 
1 

18 
25 
24 
14 
12 
18 

15 
16 
15 
13 
22 
20 

7 
3 
4 
0 
13 
11 

5 
1 
2 
17 
9 
8 

August 

15 

270 
540 

187 
675 

377 

207 
212 
220 

230 
327 
140 
310 
390 

163 
140 
176 

2 
0 
4 
0 
3 

3 
6 
3 

7 

8 

20 

13 

4 

19 
16 
12 

5 
7 
3 

8 

7 

5 
2 
3 

1 

2 
0 

7 

1 

0 

1 
0 

31 
30 
30 
30 
30 

30 
29 
18 
30 
31 
30 

0 

September 

17 
27 
28 
15 

25 
18 

0 

October 

1 

November 

0 

December 

3 

1916. 
January 

0 

February 

1 

March . ." 

0 

April 

0 

May 1 

0 

June 

i 

1 

Total 1  172    . 

21 

99 

40 

12     349 

51 

212 

80 

6 

Average 1 

366 

197    . 

266 

192 

1 

i2.2 

57.5 

23.3 

7.0    

14.7 

60.7 

22.9 

1.7 

On  litmus  lactose  agar  at  37.5°  C,  24 
hours. 

On  litmus  lactose    agar  at  37.5°  C,  24 
hours— acid  formers. 

Month. 

33 

•a 

g 

o 
u 

i 

d 
d 

a 
■3 
1 

Variations  in  numbers: 
Number  of  test  clays. 

-    -a 
1 
o 

a 

3 

d 
d 

K 
a 

C3 
a 

d 
d 

P. 
C 

•2 
-3 

Variations     in     numbers: 
Number  of  test  days. 

d 
o 
o 

c 

c 

p 
o 

o 

o 

d 
§ 

o 

o 

s 

d 

c 

o 

d 
o 

to 

d 

? 
o 

1915. 
July 

31 
31 
29 
31 
30 
30 

28 
29 
30 
30 
31 
29 

61 
14 
10 
39 
163 
112 

98 
141 

78 
205 

56 
179 

55 
11 

8 
37 
76 
66 

49 
115 
68 
77 
45 
140 

14 
30 
29 
25 
9 
12 

16 
1 

11 
7 

18 
3 

14 
1 

0 
6 

7 
6 

5 
11 
10 
13 
10 

3 

3 
0 
0 
0 

8 
10 

5 
16 
9 
9 
3 
21 

0 
0 
0 
0 
6 
2 

2 
1 
0 
1 

0 
2 

31 
30 
29 
31 
30 
30 

28 
29 
31 
30 
31 
29 

14 
19 
17 
9 
8 
20 

23 
27 
29 
27 
27 
27 

8 
11 

4 
4 
8 
6 

4 
2 

7 
0 
7 
12 
5 
1 

1 
0 

20 
0 

1 
5 
8 
2 

0 
0 
0 
0 
0 
0 

August 

0 

September 

0 

October 

0 

November 

3.7 
1.4 

.4 

2 
0 

0 

December 

1 

1916. 
January 

1 

February 

U 

March 

0 

April 



3  0 

4  0 
2         0 

0 

May 

June 

0 

Total 359 

|_ 

175 

86 

84 

14 

359 

247 

- 

3 

96  1     55 

.4 

0 

Percent 1 

48.7 

24.0     9^  i 

3.9 

68.8 

0.8 

1                  1 

1 

|-| 

■"  1 

1 
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Table  No.  5. — Number  of  colonies  per  cubic  centimeter  in  crater  delivered  to  mains, 

Mirafiores  purification  plant. 


Month. 


1915. 
July 

August  1 

September  i. . 
October 

November 

December 


1916. 

January 

February 

March 

April 

May 

June 


Total..., 
Average. 
Per  cent. 


On  gelatin  at  20°  C,  48-72  hours. 


143 


2.7 
13.2 
7.3 
8.5 
5.7 


7.2 
3.8 
0.9 


8.2 


Variations  in 

numbers: 

Number  of 

tests. 


352 


19     19 


5.5   5.5 


On  nutrient  agar  at  37.5°  C,  24  hours 


2.0 
0.7 
1.7 
1.6 
1.9 
1.5 


1.3 
1.1 

1.0 
0.4 
2.6 
2.0 


Variations  in  numbers: 
Number  of  tests. 


239 


29 
4.'6' 


17 
'2.3 


On  litmus  lactose  agar  at  37 

5°  C,  24  hours. 

On  litmus  lactose  agar  at  37.5° 
C,  24  hours— acid  formers. 

Variations  in 

t 

Variations  in 

numbers:  Num- 

C3 

ninnbcrs: 

Month. 

0 

0 

0 

a 

ber  of  tests. 

'§ 

Number  of  tests. 

0 

0 

0 

0 

.0 

S 

,r: 

0 

.0 

0 

S 

1 

'■a 

6 

3 

0 

0 

a 

3 

a 

3 

0 

s 

"A 

S 

S 

iz; 

0 

-^ 

to 

< 

;?; 

a 

0 

-' 

< 

1915. 

July      

31 
31 
30 

0.6 
.4 
.3 

0 
0 
0 

62 
61 

58 

44 

47 
47 

17 
14 
11 

1 
0 
0 

0 
0 
0 

31 
31 
30 

62 
61 
58 

02 
60 
58 

0 
1 
0 

0 

August ' 

0 

0 

31 
30 
30 

1.5 
1.1 
1.0 

0 
0 

1 

62 

59 
59 

39 
33 
27 

22 
24 

2S 

0 
0 
4 

1 

2 
0 

31 
30 
30 

62 
59 
59 

59 
55 
57 

3 
4 
2 

0 

November 

0 

December 

0 

1916. 

January 

29 
29 

1.2 
2.3 

0 

1 

57 
58 

30 
21 

26 
31 

1 
6 

0 
0 

29 
29 

57 
58 

57 
58 

0 
0 

0 

0 

March 

31 
30 
31 
29 

.9 
.  7 
1.2 
1.3 

1 

0 

1 
1 

62 
60 
62 

58 

28 
32 
28 
25 

33 
2S 
32 
31 

1 
0 
2 
0 

0 
0 
0 
2 

31 
30 
31 
29 

62 
60 
62 
58 

62 
59 
61 
58 

0 
1 
1 
0 

0 

0 

May 

0 

June 

0 

Total 

302 

718 

401 

297 

15 

5 

362 

718 

706 

12 

0 

1.0 

6 

Per  cent 

55.8 

41.4 

2.1 

0.7 

98.4 

1.0 

0 

1  48-hour  counts  not  included  in  annual  average. 
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Table  No.  G. — Number  of  colonies  per  cubic  centimeter  in  xvaicrfrom  dislribution  system 
supplied  by  Mirajlorcs  purification  plant. 


Mouth. 


1915. 

July 

August 

September  i . 

October 

November. . . 
December. .. 


1916. 

January 

February 

March 

April 

May 

June 


Total.... 
Averatje . 
Per  cent . 


On  gelatin  at  20°  C,  72  hours. 


158 


48 
10.7 
4.1 
6.6 
9.5 


71 
9.3 
6.0 


458 


Variations  in 

numbers: 

Number  of  tests 


135 

29  .'5 


219 

47.'8' 


76 


On  nutrient  agar  at  37.5°  C,  21  hours. 


145 
21 
14 
75 
3.4 
14.6 


74.0 
5.6 
9.1 
20.3 
27.3 
52.9 


18 
19.5 


Variations  in 

numbers: 

Number  of  tests. 


254 


591 


33 
3.4 


Month. 


July.... 

August 

September  • 

October 

November. 
December.. 


1915. 


January... 
February. 

March 

April , 

May 

Jurie 


1916. 


Total 

Average. 
Per  cent. 


On  litmus  lactose  agar  at  37.5  °  C,  24  hours. 


2.0 
0.9 
0.9 
1.4 
0.9 
2.1 


20.0 

6.1 

4.4 

8.6 

17.1 

22.6 


Variations  in  numbers: 
Number  of  tests. 


427 
43."  i' 


447 
45."  i' 


61 
'6.'2 


< 


55 
"5.'6 


On  litmus  lactose  agar  at 
37.5  °  C,  24  hours — acid 
formers. 


Variations 

in  numbers: 

Number  of 

tests. 


980 
98.'9' 


11 

i.i 


1  On  7  test  days  the  gelatin  counts  were  made  at  end  of  48  hours. 
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T.VBr.B  Xi).  7.—Nainbers  of  the  mnnhcrs  of  the  Colon  f/ronp  in  the  injioir  and  oiiljloir  at 

Mirajlores  purificaiion  plant. 


Raw  \ 

ater  (Chagres  River). 

o 

1 
a 

0.1 

c.  c.  tests. 

1  c 

.  c.  tests. 

10  c.c.  tests. 

a 

Month. 

a 

a 

o 

+ 

a 

3 

+ 

1 

a 

d 
0 

+ 

a 
2; 

+ 

c 
0 

a 

3 
0 

0 

+ 

a 

3 

+ 
0 

3 
«^: 

z  ^ 

0 

191.). 
July .   . 

31 
31 
30 
31 
30 
30 

31 
29 
31 
30 
31 
30 

31 
31 
30 
31 
30 
30 

30 
29 
31 
30 
30 
30 

7 
2 
1 
3 
7 
4 

1 
1 
2 
0 
3 
3 

22.0 
6.4 
3.3 
9.7 
23.4 
13.3 

3.3 
3.4 
6.4 
0.0 
10.0 
10.0 

31 
31 
30 
31 
30 
30 

31 
29 
31 
30 
31 
30 

IS 
7 
8 
10 
17 
14 

2 
8 
9 
4 

12 
17 

.58.0 
22.6 
26.7 
32.3 
50.  () 
46.6 

6.4 
27.0 
29.1 
13.3 
38.7 
56.6 

31 
31 
30 
31 
30 
30 

31 
29 
31 
30 
31 
30 

30 
25 
21 
20 
30 
29 

21 
15 
14 

20 
28 
23 

90.7 
80.6 
70.0 
83.8 
100.0 
96.7 

67.7 
51.7 
45.1 
06.7 
90.3 
76.7 

2,050 

August 

800 

September 

577 

October 

1,247 

November 

2,715 

December 

1,713 

1910. 
January 

422 

February 

606 

March .... 

883 

April 

186 

May 

1,338 

June 

1,480 

Total 

365 

363 

34 

"9.3' 

305 

126 

'34.'5' 

365 

282 

Average. . 

77.2 

1,225 

AVater  delivered  to  mains. 

Water  from  taps  on 

distribution  system. 

1.0 

c.  c.  tests. 

10  c.c. 

tests. 

'r. 

1.0  c 

.  c.  tests. 

10  c 

c.  tests.     1^ 

a 

3 

a 

3    . 

Month. 

-J 

Ou 

« 

|«fe 

(a 
0 

a 

+ 

+ 

.a 

a 

+ 

+ 

y.S. 

0 

a 

+ 

+ 

a 

+ 

1  '^iS 

4-     ro  ^ 

t^ 

3 

4j 

3 

-4-i 

i^ 

3 

u 

3 

U. 

■A  P, 

/2 

c 

S 

C 

^ 

S 

% 

fl 

J2 

c 

c 

0 

C3 

a 

3 

c3 

a 

3 

3 

a 

3 

0 

a 

3 

0 

a 

3 

0 

a 

3 

0 

a 

'A 

H 

^ 

P-. 

H 

'A 

Ph 

n 

A 

H 

A 

p., 

'A 

Ph 

25 

191.5. 

July 

31 
31 
30 
31 
30 
30 

62 
62 
60 
62 
60 
60 

0 
0 
0 
0 

1 
0 

0.00 
.00 
.00 
.00 

1.07 
.00 

62       0 
02       0 

0.00 
.00 
.00 
.00 
1.07 
1.67 

0.0 
.0 
.0 
.0 

17.0 
1.7 

26 
25 
25 
27 
24 
28 

78 
75 
75 
81 
72 
84 

0 
1 

1 
0 
0 
0 

0.00 
1.34 
1.34 
.00 

.00 
.00 

78 
75 
75 
81 
72 
84 

9 
2 
3 

1 
0 
1 

11.5 
2.7 
4.0 
1.2 
.0 
1.2 

1'^ 

15 

September 

00 
02 
00 
60 

0 
0 
1 

1 

ir, 

October 

1 

November 

0 

December 

1 

9116. 

January..     .   . 

31 
29 
31 
30 
31 
.30 

02 
5S 
02 
00 
02 
60 

1 
0 
0 
0 
0 
1 

1.02 
.00 
.00 
.00 
.00 

1.67 

02  1     1 

1.62 
.00 

1.02 
.00 
.00 

1.67 

17.0 
.0 
1.0 
.0 
.0 

17.0 

31 
29 
31 
30 
31 
30 

93 
87 
93 
90 
93 
90 

1 

0 
0 
0 
3 
2 

1.07 
.00 
.00 
.00 
3.22 
2.22 

9.'? 
87 
93 
90 
93 
90 

3 
0 
4 
3 
12 
11 

3.2 
.0 
4.3 
3.3 
12.9 
12.2 

13 

February 

58 
62 
60 
62 
60 

0 

1 

0 
0 

1 

0 

March 

4 

April 

3 

May 

ifl. 

June 

yf. 

Total.. 

365 

730 

3r 

730  j     5 

337 

1,011 

8 

".'79' 

1,011 

49 

Average.. 

.41 

.68 

4.4 

4.84 

n 

1 
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Tablk  Xo.  S. — Xiunbcrs  of  colonics  per  cubic  centimeler  in  raw  water,    Mount   JI<)j)e 

punjication  plant. 


Month. 


1915. 

July 

August 

September... 

October 

November... 
December... 


1916. 

January 

February 

March 

April 

May 

June 


Total.... 
Average. 
Percent. 


On  nutrient  agar  at  37.5°  C,  24  hours. 


Number 
of  test 
days. 


Mean 
per  c.  c. 


371 
397 
415 
'9,372 
465 
406 


382 
644 
549 
404 
379 
301 


357 


1,173 


Median 
per  c.  c. 


364 
3,S2 
400 
1.900 
362 
350 


325 
650 
570 
380 
340 
250 


380 


Variations  in  numbers:  Number  of  test  days. 


0  to       101  to     301  to     501  to      701  to       Above 
100.         300.  500.  700.        1,000.        1,000. 


95 


26.6 


150 


42.0 


20.4 


18 


5.2 


19 
'5.'2 


On  litmus  lactose  agar  at  37.5°  C,  24  hours. 

Month. 

Number 
of  test 
days. 

Mean 
per  c.  c. 

Median 
per  c.  c. 

Variations  in 

numbers:  Number  of  test'days. 

Oto 
25. 

26  to 
50. 

51  to 
75. 

76  to 
150. 

151  to 
300. 

Above 
300. 

1915. 
July 

25 
25 
21 
28 
24 
26 

27 

28 
30 
28 
29 
23 

77 
64 
111 
112 
50 
45 

54 
111 
254 
232 
122 

77 

79 
36 
108 
87 
33 
40 

49 
95 
240 
220 
105 
85 

3 

8 
0 
4 
9 
4 

3 
0 
0 
1 
0 
0 

1 

8 
2 
3 
8 
14 

11 
4 
0 
0 
0 
0 

7 
4 
5 
4 
0 
4 

6 
6 
0 
0 
2 
7 

14 
3 
10 
12 

7 
3 

5 

10 

0 

1 

21 

14 

0 
1 

4 
7 
0 
1 

1 
8 
24 
22 
5 
2 

0 

August 

1 

September 

0 

October 

0 

N  ovember 

0 

December 

0 

1916. 
January 

1 

February 

0 

March 

6 

April 

4 

Mav  

0 

June 

0 

Total 

314 

32 

51 

46 

98 

75 

12 

Average 

110 

91 

Per  cent 

10.1 

16.2 

14.6 

31.2 

23.8 

4.1 

Month. 


July 

August 

September. 
October... 
November. 
December., 


1915. 


January . . 
February. 

March 

April 

May 

June 


1916. 


Total.... 
Average. 
Per  cent. 


On  litmus  lactose  agar  at  37.5°  C,  24  hours.— Acid 
formers. 


Number  of 
test  days. 


337 


Number  of 
tests. 


337 


Variations  in  numbers:  Num- 
ber of  test  days. 


274 
si.3 


lto3. 


5J 

"li'.h' 


4  to  8. 


1.2 


Copper  sulphate  treatment. 
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Table  Xo.  9. — Numbers  of  colonies  j^er  cubic  centimeter  in  water  delivered  to  viairs 
Mount  Ho])e  imrification  plant. 


On  nutrient  agar  at  37.5 

°  C,  24  hours. 

Month. 

Number 
of  test 
days. 

Mean 
perc.  c. 

Median 
per  c.  c. 

Variations  in  numbers:  Number  of  test  days. 

Oto 
100. 

101  to 
300. 

301  to 
500. 

501  to 
700. 

701  to 
1,000. 

Above 
1,000. 

1915. 
Julv 

31 
31 
28 
29 
29 
29 

31 
29 
29 
26 
29 
29 

414 
543 
414 
1,662 
353 
750 

868 

798 

7 

5 

14 

8 

396 
480 
391 
550 
325 
550 

750 
900 
4 
2 
10 
5 

4 
0 
0 
1 
1 
1 

1 
8 
29 
26 
29 
29 

8 
3 
6 
4 
12 
3 

0 
1 
0 
0 
0 
0 

9 
13 

16 
9 
11 

8 

5 
2 
0 
0 
0 
0 

7 
8 
5 
5 

4 

7 

6 
1 
0 
0 
0 
0 

2 
6 

1 
2 

1 

2 

10 
6 
0 
0 
0 
0 

1 

August 

1 

September 

0 

October 

8 

November 

0 

December 

8 

1916. 
Januarv 

9 

Febniarv 

11 

March  i 

0 

April 

0 

May 

0 

June 

0 

Total 

350 

129 

37 

73 

43 

30 

38 

486 

325 

Per  cent 

36.8 

10.5 

20.8 

12.2 

8.5 

11.2 

On  litmus  lactose  agar  at  37 

5°  C,  24  hours. 

Month. 

Number 
of  test 
days. 

Mean 
per  c.  c. 

Median 
per  c.  c. 

Variations  in 

numbers:  Number  of  test  days. 

Oto 
10. 

11  to 
25. 

26  to 
50. 

51  to 
75. 

76  to 
150. 

Above 
150. 

1915. 
July 

25 
29 
27 
27 
29 
27 

30 
28 
29 
24 
29 
22 

12 
54 
63 
71 

8 

47 

76 
186 
1 
2 
4 
6 

9! 

45  ' 

26 

5 

1-i 

155 
1 
1 

4 

4     ; 

15 
14 

1 

7 

23 

9 

7 
7 
29 
24 
28 
20 

8 
7 
4 
5 

4 

7 

4 
1 
0 
0 
1 
2 

2 
3 
9 
5 
2 
4 

3 
0 
0 
0 
0 
0 

0 
1 
7 
4 
0 
3 

5 
1 
0 
0 
0 
0 

0 
0 
5 
3 
0 
1 

7 
5 
0 
0 
0 
0 

0 

August 

4 

September 

1 

October 

3 

November 

0 

December 

1916. 

January 

Febniarv 

3 

4 
14 

March  ' 

April 

May 

June 

0 
0 
0 
0 

Total 

326 

1 

184 

43 

28 

21 

21 

29 

44 

8 

Percent ' 

56.4 

13.1 

8.6 

6.4 

6.4 

9.1 

Month. 

On  litmus  lactose  agar  at  37.5°  C,  24 
hoiKS— Acid  formers. 

Number  of 
test  days. 

Number  of 
tests. 

Variations  in  num- 
bers: Number  of 
test  days. 

0. 

lto5. 

July 

1915. 

27 
30 
29 
29 
30 
28 

30 

28 
29 
24 

29 

27 
30 
29 
29 
30 
28 

30 

28 
29 
24 

29 

27 
30 
29 
29 
30 
27 

30 

28 
29 
24 
28 
21 

0 

August 

0 

September 

0 

October 

0 

November 

0 

December 

1 

Januarv 

1916. 

0 

Feljruary 

1) 

March ' 

0 

April 

0 

Mav 

1 

June - 

1 

Total 

335 

335 

332 
99.1 

3 

Per  cent 

0.9 

Application  of  liquid  chlorine  started. 
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Table  No.  10.— 


Niunbers  of  colonics  per  cubic  centimeter   in  water  from  distribution 
system  supplied  bij  Mount  Hope  purijlcation  plant. 


Month. 


1915. 

July 

August 

September . . 

October 

November... 
December 

1916. 

January 

February 

March  i 

April 

May 

June 


On  nutrient  agar  at  37.5°  C. ,  24  hours. 


NnmVier 
of  test 
diiys. 


Total.... 
Average. 
Per  cent. 


348 


Mean 
per  c.  0. 


375 

459 

562 

2,060 

487 
624 

703 
595 
39 
31 
114 
162 


Median 
per  c.  c. 


359 
427 
435 
450 
350 
600 

750 
575 
9 
14 
71 
61 


205 


Number 
of  tests. 


738 


Variations  in  numbers:  Number  of  test 
days. 


Oto 
100. 


244 
33.0 


101  to 
300. 


132 
17.8" 


301  to 
500. 


161 
2i.'8" 


501  to 
700. 


84 


701  to 
1,000. 


Over 
1,000. 


39 


Month. 


July 

August 

September. 
October. .. 
November. 
December. 


January . . 
February. 
March  1... 

April 

May 

June 


1916. 


Total.... 
Average. 
Per  cent . 


On  litmus  lactose  agar  at  37.5°  C. ,  24  hours. 


Number 
of  test 
days. 


Mean 
per  c.  c. 


19 
47 
64 
94 
6.2 
32 

60 

94 
3.5 
6.3 

13 

31 


329 


39 


Median  i  Number 
per  c.  c.  ■  of  tests. 


681 


Variations  in  numbers:  Number 
of  test  days. 


Oto     11  to    26 to    51  to    Above 
10.        25.        50.       150.        150. 


334 


132 


19.3 


90 

is."  2' 


12.6 


Month. 


July 

August 

September. 

October 

November. 
December . 


1915 


January . . 
February. 
March  1... 

April 

May 

June 


1916. 


Total.... 
Average . 
Percent. 


On  litmus  lactose  agar  at  37.5 
formers. 


C.,  24  hours.— Acid 


Number  of 
test  days. 


338 


Number  of 

tests. 


Variations  in  numbers:  Num- 
ber of  test  days. 


695 


1  to  5. 


15 
'¥.1 


Above  6. 


0.3 


1  Application  of  liquid  chlorine  started. 
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Tablk  No.  11. — Numbers  of  (he  members  of  the  Colon  group  in  the  inflow  and  ouljlow  at 
Mount  Hope  purification  plant. 


Raw  V 

•ater. 

1 

0.1c 

.  c. tests. 

1.0  c 

.  c. tests. 

10  c 

.  c.  tests. 

6 

'A 

Month. 

a 

a 

o 

+ 

1 

+ 

a 
S 

a 

+ 

a 
'A 

+ 

"S 

o 

Ph 

a 

3^ 

o 

+ 

a 

+ 

P^ 

191o. 
July 

31 
31 
29 
30 
30 
31 

10 
27 
28 
30 
30 
31 

0 
3 
3 
0 
2 
1 

0 

11.1 

10.7 
0 

6.6 
3.2 

31 
31 
29 
30 
30 
31 

16 
11 
13 
12 
13 
16 

51.6 

35.5 

44.8 

40 

43.3 

51.6 

31 
30 
29 
30 
30 
31 

26 
23 
24 
IS 
25 
29 

83.8 

76.6 

82.7 

60 

83.3 

93.5 

548 

1  396 

1,449 

420 

November 

December 

1,067 
846 

1916. 

January 

FebruaVy 

March 

April 

May 

31 
29 
31 
29 
29 
29 

360 

31 
29 
31 
28 
29 
29 

0 
0 
1 
1 
4 
2 

0 
0 
3.2 

3.5 
13.7 
6.8 

31 
29 
31 

28 
29 
25 

4 
2 
2 
0 

4 
5 

12.9 
7.3 
6.5 
0 

13.6 

20 

31 
29 
31 
29 
29 
29 

25 
21 
19 
14 
21 
25 

80.6 
72.4 
61.3 

48.2 
72.4 
86.2 

197 
138 
901 
398 
1,419 
S78 

Total 

333 

17 

"■i.'g' 

355 

98 

'25.'6' 

359 

260 

75.1 

805 

\"" 

i 

Water  delivered  to  mains. 

Water  from  taps  on  distribution  system. 

O  m 

a 

'A 

1.0 

c.c.  tests. 

10  c.c. 

ests. 

6 
'A 

X  c 
a)  oi 

pq 

S 

>-. 
I-  IS 

a 

3 

A 

1.0 

c.c. 

tests. 

10  c.  c. 

tests. 

d 
A 

Month . 

a 

3 
3  C 

o 

+ 

a 

+ 
§ 

ID 

P, 

a 

3 
3  C 

S 
o 

e 

+ 

a 

3 

+ 

1 

O 

a 

3  ,• 
3  fe 

03 
O 

Eh 

+ 

X! 

a 

3 
'A 

+ 

1 
Pm 

a 

3 
3  C 

3-^ 

o 

+ 
& 

X! 

a 

3 

A 

+ 

i 

1.1 

oft 

1915. 
July 

31 
31 
29 
30 
30 
29 

31 
29 
29 
27 
29 
29 

30 
30 
29 
30 
30 
29 

31 
29 
29 
29 
29 
29 

0 
0 

5 

0 
0 
17.2 

30 
30 
29 
30 
30 
29 

31 
29 
29 
28 
29 
29 

9 
0 
11 
11 
6 
0 

0 
1 
0 
1 
3 
1 

30 

0 
38 
36.5 
20 

0 

0 

3.4 
0 

3.6 
10.3 
3.4 

30 

0 
193 
66 
23 

0 

0 

3.4 

0 

3.6 
43 
34 

30 
31 

28 
29 
27 
31 

30 
28 
31 
29 
29 
30 

60 
58 
56 
57 
53 
61 

59 
55 
62 
64 
85 
82 

1 

1 
7 
0 
6 
1 

0 

1 
3 
1 
5 
10 

1.6 

1.7 
12.5 

0 
11.3 

1.6 

0 

1.8 
4.8 
1.5 
5.8 
12.1 

60 
57 
56 
57 
53 
61 

59 
55 
62 
69 

85 
82 

11 
10 
19 
13 
10 
6 

2 
3 
9 
5 
14 
10 

18.3 
17.5 
33.9 
22.8 
18.8 
9.8 

3.3 
5.4 
14.5 
7.2 
16.4 
12.1 

3-^ 

August 

33 

146 

1  1     3.3 
1  ■     3.3 
0       0 

23 

120 

24 

1916. 
January 

0 
0 
0 
0 
1 
1 

0 

0 

0 

0 

3.6 

3.6 

3 

February 

n 

March 

.58 

April 

21 

May 

68 

Jxine 

121 

Total 

Ti4 

354 

9 

"i's" 

353 

43 

353 

752 

36 

"i.h' 

756 

112 

Average 

12.1 

33 

15.0 

56 
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Table  No.  12. — Xuinbcrs  of  colonies^  per  cubic  centimeter  in  raw  vmter,  Agiia  Clara 

purijication  plant. 


Month. 


On  nutrient  agar  at  37.5°  C.,  24  hours. 


Xuiuber 
of  test 
davs. 


Mean  per 
c.  c. 


Median 
per  c.  c. 


Variations  in  numbers:  Xumber  of  test 
davs 


101  to 
300. 


301  to 
700. 


701  to        Over 
1,000.        1,000. 


July 

August 

September. 

October 

November. 
December.. 


1915 


Januai-j-.. 
February . 

Marfli 

April 

May 

June 


1910. 


218 
309 
234 
385 
530 
■110 

230 
556 
517 
322 
678 
634 


ISO 
290 
220 
310 
475 
360 

240 
550 
480 
240 
550 
400 


Total ... 
Average. 
Percent. 


421 


160 


324 


30 


43.4 


12 
"3.3 


Month. 


On  litmus  lactose  agar  at  37.5°  C,  24  hours. 


Number 
of  test 
davs. 


Mean  per 
c.  c. 


Median 
per  c.  c. 


Variations  in  numbers:  Number  of  test 
days. 


0  to  100. 


101  to 
300. 


301  to 

700. 


701  to 
1,000. 


Over 
1,000. 


July 

August 

September. 

October 

November. 
December. . 


January.. 
February . 

March 

.\pril 

May 

June 


98 
93 
70 
95 
130 
205 

47 
136 
83 
59 
170 


90 
81 
68 
48 
125 
260 

36 
116 
69 
42 
140 
120 


Total..., 
Average. 
Percent. 


349 


106 


120 


102 


21.9 


32.8 


27.9 


I 
1 
0 
1 

6 
17 

0 
4 
1 
1 
8 
3 

43 

"ii.'7 


On  litmus  lactose  agar  at  37.5°  C,  24  hours 
formers. 

. — Acid 

Month. 

Number 
of  test 
days. 

Number 
of  tests. 

Variations  in  numbers: 
of  test  days. 

Number 

0. 

1  to  3. 

4  to  8. 

Over  8. 

1915. 
July 

31 
30 
24 
30 
30 
31 

31 
29 
31 
30 
30 
28 

31 
30 
24 
30 
30 
31 

31 
29 
31 
30 
30 
28 

22 
17 
21 
17 
20 
21 

30 
28 
29 
24 
5 
12 

8 
13 

3 
10 

6 

8 

1 
1 
1 
2 
7 
12 

0 
0 
0 
3 
4 
2 

0 
0 
1 
4 
2 
4 

1 

.\ugust 

0 

September 

0 

October 

0 

November 

0 

December 

0 

1916. 
Januan- 

0 

February 

0 

March 

0 

April 

0 

May 

16 

June 

0 

Total 

355 

355 

246 

72 

20 

17 

Average 

I'ercent 

67.2 

19.7 

5.5 

4.6 
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Table  No.  13. — Numbers  of  colonies  per  cubic  centimeter  in  water  delivered  to  mavis, 
Agua  Clara  purification  j)lant. 


On  nutrient  agar  at  37.5°  C,  24  liours. 

Month. 

Number 
of  test 
days. 

Mean  pe 
c.  c. 

'    Median 
per  c.  c. 

Variations  in  numbers:  Number  of  test 
days. 

0  to  100. 

101  to 
300. 

301  to 

700. 

701  to 
1,000. 

Over 
1,000. 

1915. 
July 

31 
31 
28 
31 
30 
31 

30 
29 
31 
30 
29 
26 

229 
470 
284 
329 
343 
341 

800 
575 
571 
810 
1,440 
1,930 

182 
365 
248 
280 
330 
300 

730 
480 
420 
767 
1,100 
1,250 

2 

1 
2 

0 
0 
0 
2 
0 
0 

17 
10 
14 
14 
13 
14 

2 
5 
2 
6 
3 
0 

7 
13 
10 
14 
15 
12 

13 
19 
21 
6 
4 
7 

0 
2 
1 
1 
1 
1 

6 
2 

5 
10 
7 
5 

0 

4 

0 

0 

November 

0 

2 

1916. 
January 

9 

February 

3 

3 

6 

Mky 

15 

14 

Total 

357 

IP 

100 

141 

41 

56 

594 

400 

Per  cent 

5.2 

27.4 

38.5 

11.2 

15.3 

On  litmus  lactose  at  37.5°  C,  24  hours. 

Month. 

Number 
of  test 
days. 

Mean  per 

C.  0. 

Median 
per  c.  e. 

Variations  m  numbers:  Number  of  test 
days. 

OtolO. 

11  to  50. 

51  to 
100. 

101  to 
200. 

Over  200. 

1915. 
July 

31 
30 
19 
31 
28 
30 

31 
29 
30 
30 
31 
28 

11 
29 
13 
46 
25 
19 

201 
85 
44 
36 
24 

105 

10 
14 

4 

16 
13 

9 

90 
42 
27 
21 

7 
9 

17 
12 
13 
13 
10 
17 

4 
1 
3 
9 
19 
16 

14 
12 
5 
9 
14 
10 

8 
16 
19 
15 
9 
4 

0 

5 
1 
5 
2 
2 

5 
4 
6 
5 
1 
0 

0 
0 
0 
2 
2 
1 

2 
6 
1 

0 

1 
4 

0 

1 

0 

October 

2 

November  .        

0 

December 

0 

1916. 

12 

2 

March 

1 

April 

1 

1 

4 

Total 

348 

134 

135 

36 

19 

24 

36 

16 

36.6 

36.9 

9.9 

5.2 

6.6 

1 

. 

On  litmus  lactose  agar  at  37.5°  C,  24  hours— Acid 
formers. 

Month. 

Number 
of  test 

days. 

Number 
of  tests. 

Variations  in  numbers:  Number 
of  test  days. 

0. 

1  lo3. 

4  to  8. 

Over  8. 

1915. 
July  

31 
30 
27 
31 
30 
31 

31 
29 
30 
30 
31 
28 

31 
30 
27 
31 
30 
31 

31 
29 
30 
30 
31 
28 

29 
29 
27 
30 
30 
31 

31 

27 
2S 
2.S 
22 
25 

2 
1 
0 
1 
0 
0 

0 
2 
2 
1 

3 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

0 

0 

0 

0 

October 

0 

November 

0 

0 

1916. 
January 

0 

0 

0 

0 

May 

1 

0 

Total         

359 

359 

337 

19 

1 

1 

92.1 

.5.2 

0.5 

0.3 
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Table  No.  14. — Numbers  of  the  members  of  (he  Colon  (jroiip  in  the  inflow  and  outflow  at 
Agua  Clara  purification  plant. 


X) 
1 

Raw  water  (Agua  Clara  Reservoir). 

0.1 

c. c.  tests. 

1.0 

c.  c.  tests. 

10  c.  c.  tests. 

a 

Month. 

a 
o 

+ 

+ 

a 
o 

+ 

+ 

"a 
o 

+ 
C 

+ 
a 

o 

(S 

Ph 

V  u. 

.s  ^ 

O 

1915. 
July 

31 
31 

2,S 
39 
30 
31 

30 
29 
31 
30 
31 
30 

31 
31 
25 
24 
30 
31 

27 
29 
31 
30 
31 
30 

0 
5 
4 
6 
8 
4 

0 
0 
0 
0 

0 

16.1 
16.0 
20.7 
26.fi 
12.9 

0 
0 
0 
0 
0 
6.67 

31 
31 
28 
31 
30 
31 

30 
29 
31 
30 
31 
30 

16 
24 
18 
21 
2.5 
10 

1 
0 

1 
9 
10 

51.6 
77.7 
64.4 
67.7 
83.3 
32 

3.2 

0 

16.1 
20 
29 
33.3 

31 
31 
27 
31 
30 
31 

30 
29 
31 
30 
31 
30 

27 
28 
21 
26 
30 
23 

12 
7 

17 
12 
20 
25 

87.1 
90.3 
77.8 
83.9 
100 
74.2 

40 

2i.l 

.54.8 

40 

64.6 

83.3 

552 

2,235 

September 

2,097 

October 

2,  .we 

3,214 

1,365 

1916. 

688 

24 

March    

248 

220 

326 

June 

383 

Total 

363 

355 

29 

""a  24 

363 

145 

"39.'9' 

362 

248 

68.3 

1.102 

Month. 


Water  delivered  to  mains. 


Water  from  taps  on  distribution  system. 


>■     1.0  c.  c.  tests. 


10  e.  c.  tests. 


1.0  c.  c.  tests. 


10  c.  c.  tests. 


OJ2 


1915. 

July 

August 

September... 

October 

November. .. 
December 


1916. 

January 

February 

March 

April 

May 

June 


Total. 
Average 


0 

3.23 

0 

0 

3.33 

3.23 


0 

3.45 
19.40 
3.33 
6.46 
0 


3.54 


9.68 
22.00 

3.71 

0 

3.33 
12.90 


0 

17.20 
38.70 
33.30 
32.30 
13.30 


10     31 
52     31 


362     57 


0 

6.46 
5 
0 

3.33 
10 


0 

0 

3.71 

3.85 

7.70 

3.85 


3.66 


24 
25 
27 
20 
26 
26 

'305 


3.23 
9.08 
5 
0 

3.33 
10 


0 
20 
22.20 

7.70 
20.90 

7.70 


3 

OS 
50 
0 
33 
100 


0 
20 
46 
42 
96 
42 


9. 64       42 
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Table  No.  15. —  Miraflores  purification  plant — Physical  and  chemical  character  of  raw 

and  filtered  water. 

[Parts  per  million.] 


- 

Color. 

Turbi 

lily. 

Free  car- 
bonic acid 
(('O2). 

Alkalinity. 

S0£ 

hard 
(as  Ca 

ness 

Week  ending— 

Ap- 
par- 
ent— 
raw. 

True. 

L'Os). 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

1915. 
July     3 

3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
2-v 
2-v 
2-v 
2-v 
1-v 
3-v 
3-v 
2-v 
2-e 
2-v 
1-v 
2-e 
2-e 
1-v 

1-v 
2-v 
2-v 
3-v 
4-e 
3-v 
3-v 
2-v 
3-v 
3-e 
3-e 
3-e 
1-e 
2-e 
3-e 
2-e 
1-e 
2-v 
2-e 
3-e 
2-v 
2-v 
2-e 
2-v 
2-e 
1-e 
2-e 

1-v 
1-v 
1-v 
1-v 
2-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 

0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 

44 
52 
81 
46 
46 
52 
46 
22 
27 
19 
24 
27 
44 
50 
,  48 
48 
41 
45 
153 
37 

57 
48 
79 
55 
35 

31 
23 
29 
17 
11 
13 
12 
11 
12 
13 
11 
11 
10 
11 
14 
14 
15 
18 
15 
24 
22 
26 
35 
34 
53 
39 
37 

13 
14 
13 
11 
11 
12 
11 
10 
10 
10 
13 
13 
11 
8 
14 
16 
18 
17 
29 
15 
36 
19 
16 
27 
18 
14 

11 
10 
10 
9 
8 
8 
4 
5 
5 
8 
9 
8 
6 
6 
8 
6 
11 
9 
9 
15 
11 
12 
13 
14 
15 
18 
16 

Trace. 

Trace. 
0 

Trace. 
0 
0 
0 
0 
0 
2 
6 
5 
5 
1 
3 
5 
3 
0 
7 
1 
4 
6 
7 
9 
8 
10 

9 

8 

6 
6 
4 
2 
3 
6 

4 
4 
3 
4 
5 
7 
9 
4 
5 
5 
4 
2 
3 
3 
2 
2 

19 

22 

31 

13 

22 

16 

9 

4 

4 

3 

10 
5 
12 
16 
13 
16 
11 
10 
77 
13 
102 
26 
33 
71 
19 
24 

11 

12 
7 
2 
2 

2 
2 
3 
1 
2 
2 
3 
0 
4 
2 
6 
5 

5 
5 

21 
8 

11 
7 
9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.5 
3.4 
3.4 
3.5 
4.1 
3.9 
4.3 
3.9 
4.4 
4.0 
3.2 
4.6 
3.8 
4.8 
5.  5 
4.5 
4.9 
4.0 
5.6 
3.2 
4.4 
2.7 
2.0 
3.3 
2.3 
3.0 

2.8 
3.3 
4.0 
3.6 
3.5 
3.7 
3.6 
3.7 
2.9 
3.9 
3.9 
4.1 
3.9 
4.9 
4.9 
4.9 
4.6 
5.0 
5.4 
4.0 
4.6 
4.6 
4.0 
4.6 
3.9 
3.7 
3.2 

5.4 
6.7 
6.7 
5.6 
6.0 
5.  7 
6.6 
5.6 
4.3 
4.7 
3.4 
4.5 
5.1 
5.6 
5.2 
6.5 
5.  7 
5.  5 
8.3 
4.3 
5.6 
4.3 
2.9 
4.5 
4.2 
4.0 

4.4 
4.5 
5.2 
4.8 
4.6 
4.2 
5.0 
3.8 
3.3 
4.2 
4.0 
3.6 
4.3 
4.0 
4.9 
4.4 
4.8 
5.6 
5.2 
6.3 
5.1 
5.1 
6.4 
5.9 
6.4 
6.5 
4.7 

51.1 
46.  0 
46.3 
52.1 
52.4 
49.8 
49.3 
51.8 
52.7 
54.6 
52.5 
56.6 
57.  3 
58. 1 
54.  5 
57.  6 
,59.  5 
60.5 
49.0 
59.7 
46.9 
49.2 
54.0 
44.0 
54.3 
56.3 

57.0 
.56.8 
58.2 
57.6 
57.  6 
53.5 
52.7 
56.5 
.53.  9 
53.9 
52.6 
51.9 
54.3 
52.1 
53.6 
52.2 
50.3 
50.0 
48.8 
46.0 
43.4 
40.3 
39.4 
40.1 
40.7 
43.1 
49.1 

40.3 
36.8 
35.2 
42.6 
43.6 
39.5 
38.4 
42.1 
46.1 
48.3 
47.1 
49.3 
50.4 
50.0 
48.2 
47.1 
51.1 
47.5 
29.3 
51.6 
36.1 
38. 3 
49.1 
32.7 
47.6 
47.2 

48.7 
47.6 
48.1 
50.7 
49.6 
4.5.  6 
46.6 
51.3 
51.7 
47.7 
40.8 
46.9 
46.1 
48.  0 
47.6 
40.2 
45.  5 
42.4 
40.4 
37.0 
36.  3 
31.4 
29.0 
30.  5 
30.7 
31.4 
40.1 

35.7 
32.  5 
31.8 
32.5 
29.9 
35.  5 
33.8 
35.8 
31.7 
43.7 
38.2 
46.8 
47.5 
44.1 
44.7 
43.1 
47.1 
43.2 
43.2 
43.1 
43.1 
41.4 
36.3 
33.2 
41.6 
41.6 

45.7 
4.5.  7 
47.8 
44.3 
45.0 
45.7 
46.4 
.50.  7 
47.8 
47.1 
44.3 
42.3 
45  0 
43.6 
42.3 
40. 3 
42.3 
42.3 
3S.0 
38.  6 
33. 1 
31.2 
31.8 
37.7 
33.  S 
36.  4 
40.3 

35.1 

10 

33.1 

17 

31.8 

24 

35.7 

31 

33.8 

Aug.    7 

36.4 

14 

36.4 

21 

35.1 

28 

29.6 

Sept.    4 

42.8 

11 

41.2 

18   

49.1 

2.5 

49.1 

Oct.      2 

42.1 

9 

57.1 

16 

46.8 

23 

47.1 

30 

46.2 

Nov.    6 

44.3 

13 

47.1 

20 

47.1 

27 

38.9 

Dec.     4 

38.1 

:i  

33.8 

IS 

38.6 

2.5 

43.6 

1916. 
Jan.     1 

45.7 

8 

48.0 

15 

47.8 

22 

47.8 

29 

48.6 

Feb.     5 

46.4 

12 

4v5.7 

19 

47.8 

26 

47.1 

Mar.     4 

47.1 

11 

45.0 

18 

42.9 

25    . 

44.3 

Apr,    1 

42.3 

8 

43.6 

15 

42.3 

22           

42.9 

29 

41.0 

May     6 

40.3 

13   

40.3 

20 

34.5 

27 

31.8 

June    3 

31.8 

10 

33.8 

17   

33.8 

24 

33.8 

July   1 

38.7 
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Table  No.  \b.~Miraflores  purification  plant-Physical  and  chemical  character  of  raw 
ana  filtered  water — Continued. 

(Tarts  per  million.] 


Week  ending- 


July 

Aug. 
Sept. 
Oct. 

Nov. 
Dec. 

Jan. 


1915. 

3 

10 

17 

24 

31 

7 

14 

21 

28 

4 

11 

18 

25 

2 


1916. 


15. 
22. 
29. 
Feb.  5. 
12. 
19. 
26. 

4. 
11. 
18. 
25. 

1. 


Mar. 


Apr. 


15. 

22. 

29. 
May    6. 

13. 

20. 

27. 
June    3. 

10. 

17. 

24. 
July     1 . 


Oxygen 
consumed. 


Kaw 


2.90 
3.40 
2.  50 
2.00 
2.25 
2.40 
1.25 
2.00 
2.30 
1.90 
2.(50 
3.20 
2.30 
2.80 
2.10 
2.20 
2.60 
2.80 
2.60 
2.80 
1.63 
1.90 
2.55 
2.60 
1.60 


1.40 
0.40 
0.95 
0.80 
0.70 
0.55 
0.S5 
1.55 
0.50 
0.60 
1.00 
1.10 
0.85 
0.75 
0.75 
1.35 
1.10 
0.85 
1.15 
1.40 
1.85 
1.74 
2.75 
2.00 
2.65 
2.05 
1.22 


Fil- 
tered. 


0.70 
0.,50 
0.  65 
0.  50 
1.10 
1.00 
0.50 
1.10 
1.50 
1..55 
1.50 
2.20 
1.30 
1.90 
1.30 
1.40 
1.60 
1.60 
0.  SO 
1.30 
0.85 
1.20 
1.15 
1.30 
0.80 


0.90 
0.20 
0.05 
0.40 
0.20 
0.05 
0.35 
0.45 
0.50 
Trace, 
0.65 
0.95 
0.50 
0.25 
0.50 
1.15 
0.65 
0.75 
0.40 
0.80 
0.95 
0.40 
0.75 
1.00 
0.60 
0.25 
0.59 


Oxygen  dissolved. 


Parts  per 
million. 


Raw. 


4.70 
4.52 
5.00 
4.43 
4.97 
3.90 
5.50 
5.39 
4.43 
4.  89 
4.74 
3.20 
5.43 
5.30 
4.95 
4.83 
6.18 
5.00 
5.10 
5.04 
5.80 
6.03 
7.20 
5.40 
5.73 


Fil- 
tered. 


5.15 
4.83 
4.97 


5.25 
5.30 

5.09' 
5.32 
4.98 
4.78 
4.63 
4.72 


7.20 
7.04 
7.82 
7.65 
7.40 
7.57 
7.64 
7.61 
7.68 
7.52 
7.10 
7.59 
7.75 
6.42 
7.85 
8.25 
7.  88 
7.51 
7.50 
7.38 
8.20 
8.78 
7.44 
7.98 
7.70 


Per  cent 
saturation. 


Raw 


7.35 
7.56 
7.45 


4.53 
4.61 

4.85 


3.80 
4.75 
4.80 
4.40 
4.55 
4.40 
5.10 
5.35 


7.37 
7.78 

7.' 6.5 
7.  33 
7.29 
7.47 
7.27 
7.02 


7.00 
7.10 
7.02 


6.60 
6.90 
7.  12 
7.10 
7.24 
6.80 
7.30 
7.65 


58.  9 
55.6 
61.8 
64.9 
61.1 
48.0 
69.0 
68.  5 
55.6 
62.0 
60.1 
40.7 
67.9 
66.2 
61.4 
59.5 
77.0 
62.0 
62.5 
61.7 
64.1 
74.5 
66.2 
66.5 
71.3 


Tempera- 
ture. 


Fil- 
tered 


6.5.0 
60.  5 
63.  2 


66.8 
69.0 

63.' 3' 
66.7 
62.6 
60.5 
58.8 
60.5 


89.2 
87.4 
96.6 
94.5 
91.7 
93.4 
95.8 
95.5 
96.2 
95.4 
88.  5 
95.5 
96.5 
79.3 
97.5 
101.5 
97.7 
93.0 
92.0 
91.4 
100.0 
107.0 
96.5 
99.5 
95.5 


Raw 


91.3 
94.6 
93.2 


57.5 
58.8 
63.0 
48.5 
49.2 
49.0 
61.3 
48.2 
56.6 
58.5 
57.0 
53.5 
66.5 


90.6 
95.8 

"gi.'s' 

91.0 
90.0 
92.9 
90.2 
88.0 


27.5 
26.6 
26.9 
27.1 
26.6 
26.8 
27.7 
28.3 
27.7 
28.4 
28.2 
28.4 
27.4 
27.5 
27.0 
26.8 
27.5 
27.0 
26.5 
26.5 
26.0 
26.8 
26.0 
26.8 
27.3 


Fil- 
tered 


28.0 
28.5 
28.2 


88.6 
89.7 
87.9 
84.0 
85.4 
84.0 
88.1 
88.5 
91.7 
92.8 
88.0 
91.0 
94.2 


27.8 
27.6 

27.' 3 
27.9 
27.8 
28.0 
28.3 
28.6 


27.0 
27.1 
26.8 
26.9 
27.0 
26.8 
27.7 
27.7 
27.6 
28.1 
27.3 
27.8 
27.4 
26.8 
27.2 
26.5 
27.2 
27.0 
26.5 
27.0 
26.0 
26.5 
26.0 
27.2 
27.0 


27.1 
27.8 
27.4 


29.1 

28.6 


29.5 
29.0 
28.5 
28.9 
27.8 
29.0 
29.0 
29.0 
27.5 
28.0 


26.6 
26.6 

'27.' 6 

27.1 

26.8 
27.2 
27.1 
27.9 


28.1 
28.1 


29.0 
28.5 
28.1 
28.8 
27.5 
29.2 
29.0 
29.0 
27.5 
26.5 


Chlo 


7.5 
7.5 
6.5 
7.5 
7.0 
7.5 
7.0 
8.0 
6.5 
9.0 
6.7 
7.0 
6.0 
4.8 
6.3 
5.5 
6.5 
6.5 
5.3 
6.5 
6.5 
6.0 
7.2 
4.8 
7.3 
6.5 


8.0 

8.2 

9.0 

8.5 

9.3 

9.0 

9.0 

9.0 

10.3 

8.5 

8.5 

10.0 

10.0 

9.0 

10.0 

9.0 

9.5 

10.0 

9.0 

9.0 

10.0 

9.3 

8.0 

7.0 

7.0 

6.3 

5.8 


Total  iron 

(Fe). 


Raw. 


0.80 
1.40 
1.30 
1.70 
0.70 
0.50 
0.30 
0.10 
0.10 
Trace. 
0.15 
0.25 
0.45 
0.65 
0.70 
0.80 
0.10 
0.50 
2.30 
0.50 
3.40 
1.10 
1.30 
2.00 
0.75 
0.60 


Fil- 
tered. 


0.40 
0.30 
0.20 
0.30 
0.15 
0.00 
0.00 
0.00 
0.20 
0.10 
Trace. 
0.30 
0.07 
0.10 
0.15 
0.15 
0.10 
0.13 
0.15 
0.13 
0.20 
0.20 
0.60 
0.25 
0.60 
0.40 
0.35 


0.00 
0.00 

Trace. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Trace. 

Trace. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Trace. 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Trace. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08  , 


Solids. 


Total. 


Raw 


106 
127 
104 
109 
119 
102 
102 

99 
110 
108 

95 
108 
116 
128 
121 
121 
113 
121 
127 
116 
160 
118 
142 
182 
127 
127 


Fil- 
tered. 


121 
117 


117 
117 
110 
111 


1  109 


'103 


98 
101 
93 
95 


97 

95 

95 

107 

107 

97 

105 

112 

120 

124 

114 

117 

125 

105 

79 

125 

113 

129 

136 


123 


133 
123 


109 
130 
116 
116 


'122 


>  91 


63503°— 16- 


»  Composite  of  samples  collected  during  month. 
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T.\BLE  No.  15. — Miraflores  purification  plant — Physical  and  chemical  character  of  raw 
and  filtered  water — Continued. 

[Parts  per  million.) 


Solids. 

Nitrogen  as— 

Fixed. 

Ammonia. 

Nitrites. 

Nitn 

Week  ending— 

Free. 

Albuminoid. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

1915. 

July      3 

70 
77 
66 
63 
76 
65 
70 
60 
72 
59 
73 
67 
80 
95 
93 
89 
78 
96 
89 

113 

119 
80 

108 
87 
87 

105 

73 
67 
70 
68 

63" 

71 
65 
60 
67 
79 
68 
73 
84 
90 
91 
53 
93 
78 
80 
84 
65 
98 
63 

95 

0.004 
0. 008 
0.040 
0.046 
0.034 
0.016 
0.006 
0.042 

Trace. 

0.002 

0.032 

0.044 

0.046 

Trace. 

0.022 

0.028 

0.092 
0.028 
0.088 
0.098 
0.070 
0.093 
0. 000 
0.088 

0.00 

0.01 

0.042 

0.060 

0.060 

0.000 

0.020 

0.012 

0.08 
0.10 

0.04 

10 

0.06 

17 

0.002 

0.000 

0.001 

Trace. 

Trace. 

0.000 

0.000 

0.002 

0.002 

0.002 

Trace. 

0.003 

0.003 

0.001 

0.002 

0.001 

Trace. 

Trace. 

0.000 

Trace. 

0.003 

0.002 

0.002 

Trace. 

0.0025 

0.000 

0.002 

0.0005 

Trace. 

Trace. 

0.001 

Trace. 

Trace. 

0.0007 

Trace. 

Trace. 

Trace. 

0.0015 

0.0005 

0.0008 

0.0005 

0.0005 

0.0005 

0.000 

0.000 

0.000 

0.035 

0.000 

0.020 

Trace. 

0.000 

0.002 

0.002 

Trace. 

Trace. 

0.000 

Trace. 

0.000 

0.000 

0.000 

Trace. 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

Trace. 

'6.' 666" 

0.000 

0.000 

0.000 

0.002 

Trace. 

Trace. 

0.000 

Trace. 

Trace. 

Trace. 

0.0005 

0.0005 

Trace. 

0.0003 

0.0007 

0.000 

24 

0.01 
0.10 
0.03 
0.03 
0.01 

Trace. 
0.04 
0.06 
0.04 
0.02 
0.06 
0.06 
0.05 
0.02 
0.06 
0.08  • 
0.03 
0.10 
0.04 
0.00 
0.02 

Trace. 
0.02 

Trace. 

Trace. 
0.00 

Trace. 
0.00 

Trace. 
0.00 
0.01 
0.02 
0.00 
0.01 
0.01 
0.013 
0. 018 
0.020 
0.01 
0.03 
0.02 

Trace. 

0.00 

31 

0.03 

Aug.    7 

0.10 

14.            

0.06 

21 

0.05 

28 

Trace. 

Sept.   4 

0.000 

0.021 

Trace. 

Trace. 

0.009 

Trace. 

0.009 

0.008 

0.005 

0.009 

0.011 

Trace. 

0.008 

0.000 

0.009 

0.006 

0.000 

Trace. 

0.000 

0. 0020 

0.0080 

Trace. 

Trace. 

0.002 

Trace. 

0.0082 

0.023 

Trace. 

0.003 

0.006 

0.005 

Trace. 

0.009 

0.008 

0.011 

0.006 

0.004 

0.010 

0.011 

0.009 

Trace. 

0.001 

0.009 

0.000 

b'.QOS  ' 

0.0023 

0.000 

0. 0070 

Trace. 

Trace. 

Trace. 

0.041 
0.056 
0.046 
0.  050 
0.045 
0. 043 
0.042 
0.030 
0.045 
0.069 
0.044 
0.084 
0.024 
0.042 
0.042 
0.025 
0.033 

0.020 
Trace. 
0.040 
0.034 
0.026 
0.028 
0.022 
0.024 
0.034 

0.042 
0.015 
0.020 
0.016 
0.008 
0.019 
0.014 
0.005 
0.013 
0.004 
0.012 
0.012 
0.016 
0.012 
0.003 
0.014 
0.010 

0.000 

'6.612" 
0.0082 
0.004 
0.012 
0.012 
0.005 
0.017 

0.02 

11 

0.02 

18 

0.06 

25 

0.025 

Oct.     2 

0.020 

9 

0.01 

16 

0.02 

23 

0.02 

30 

0.02 

Nov.    6 

0.08 

13 

0.03 

20 

0.08 

27 

0.05 

Dec.    4 

0.00 

11 

0.05 

18 

Trace. 

25 

0.01 

1916. 
Jan.     1 

Trace. 

8 

15 

110 
99 

81 
101 

Trace. 

22 

Trace. 

29.   ..::::... 

0.00 

Feb.    5 

Trace. 

12 

Trace. 

19. 

0.01 

26 

0.01 

Mar.    4 

88 
90 
89 
89 

94 
91 
92 
92 

Trace. 

11 

Trace. 
0.0029 
0.0047 
Trace. 
Trace. 
0.0071 
0.0090 
0.0082 
0.0094 
0.0071 
0.0083 
Trace. 
0.0075 
0.0059 
0.0047 
0.0071 
0.0047 

0.0076 

Trace. 

Trace. 

0.000 

0.011 

Trace. 

0.0070 

0.0094 

0.0047 

0.0083 

Trace. 

0. 0035 

0.0027 

0. 0083 

0.0077 

0. 0000 

0.0000 

0.019 
0.033 
0.029 
0.033 
0.027 
0. 033 
0. 045 
0. 038 
0.041 
0.048 
0. 055 
0.047 
0.  063 
0.074 
0. 053 
0. 045 
0.046 

0.014 
0.016 
0.012 
0.015 
0.015 
0.012 
0.018 
0.019 
0.019 
0. 018 
0.017 
0.007 
0.011 
0.023 
0.014 
0.015 
0.011 

0.012 

18 

0.015 

26 

0.004 

Apr.    1 

0.020 

8 

0.015 

15 

Trace. 

22. 

0.03 

29 

183 

0.02 

May    6 

0.01 

13 

20 

0.001 

0.0015 

0.001 

0.000 

0.0013 

0.000 
0.000 

o.ax) 

0.000 
0.000 

0.04 

0.025 

0.02 

0. 025 

0. 050 

0.00 

0.03 

0.03 

27 

»67 

»76 

0.022 

June    3 

0.015 

10. 

0.020 

17 

0.06 

24 

0.0010  '  Trace. 
0.0010  ;  0.000 

0.00 

July     1 

>61 

>59 

0.03 

>  Composite  of  samples  collected  during  month. 
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Table  No.  K].— Mount  Hope  purification  plant—Physical  and  chemical  character  ofraiv 

and  filtered  water. 

[Parts  per  million.] 


Week  ending — 


July 


Aug. 


Sept. 


Oct. 


Nov, 


Dec. 


10. 
17. 
24. 
31. 

7. 
14. 
21. 
28. 

4. 
11. 
18. 
25. 

2. 

9. 
16. 
23. 
30. 

6. 
13. 
20. 
27. 

4. 
11. 
18. 
25. 


Jan.  1. 
8. 

15. 

22. 

29. 
Feb.    5. 

12. 

19. 

26. 
Mar.     4 . 

11. 

18. 

25. 

Apr.     1. 

8. 

15. 

22. 

29. 
May     6. 

13. 

20. 

27. 
June    3.. 

10. 

17., 

24.. 
July     1.. 


1915. 


1916. 


Odor. 


Raw 


1-g 
1-e 
1-e 
1-v 
1-v 
1-v 
1-v 
0 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 

1-f 

2-f 

1-v 

0 

0 

0 

1-v 

1-v 

1-v 

1-v 

1-v 


2-v 
2-v 
1-m 
2-ni 
1-v 
1-v 
1-v 


Color. 


Fil 
tered. 


2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
2-v 
1-v 
1-e 


Appar- 
ent, 
raw. 


True. 


Raw 


Fil- 
tered, 


Turbidity. 


Raw 


Fil 

tered. 


Free  carbonic  acid 
(CO2). 


Raw. 


3.0 
2.7 
3.7 
3.5 
0.5 
1.0 
0.0 
0.8 
1.0 
0.5 
0.5 
1.7 
0.5 
1.3 
4.0 
3.3 
3.1 
3.0 


0.5 
1.0 
0.5 
1.3 
1.9 
1.0 
0.9 
0.8 
0.5 
1.1 
1.5 
2.6 
2.4 
4.2 
2.9 
1.36 
3.5 
4.16 
1.2 
2.6 
2.6 
1.6 
0.5 
10.  0 
10.0 
10.0 
10.0 


Aer- 
ated. 


0.0 
1.0 
2.0 
1.0 
0.0 
0.5 
0.0 
0.5 
0.5 
0.0 
0.0 
0.5 
0.0 
0.5 
1.0 
1.0 
0.7 
0.7 
1.0 
0.7 
0.5 
0.8 
0.6 
1.0 
0.5 


0.5 

0.5 

0.0 

0.5 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.6 

0.7 

0.5 

0.5 

'0.0 

10.0 

10.0 

10.0 

1  0.0 

I  0.0 

10.0 

10.0 

10.0 

10.0 

1  0.0 

10.0 


Alkalinity 
(as  CaCOa). 


Fil- 
tered, 


3.0 
3.0 
3.2 

2.8 


3.0 
3.0 
3.0 
3.0 
3.4 
4.6 
5.0 
4.5 
4.0 
3.0 
3.0 
4.3 
4.0 
4.0 
4.4 
5.2 
5.0 


5.0 

6.5 

7.7 

7.2 

7.0 

8.1 

7.5 

6.5 

6.5 

7.0 

7.3 

7.7 

6.7 

7.2 

4.9 

5.3 

4.5 

4.25 

4.6 

6.6 

6.0 

6.2 


Raw 


Fil- 
tered. 


28 
30 
28 
28 
28 
29 
28 
28 
27 
27 
28 
27 
23 
20 
17 
17 
20 
20 
19 
18 
17 
13 
12 
13 
13 


14 
12 
14 
15 
17 
17 
18 
19 
18 
18 
19 
22 
23 
22 
28 
30 
34 
33 
35 
32 
34 
33 
32 
31 
33 

'29 
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Table  No.  16. — Mount  Hope  purification  plant — Physical  and  chemical  character  of  raw 
and  filtered  water — Continued. 

[Parts  per  million.] 


Soap  hard- 
ness (as 
CaCOs). 

Oxygen 
consumed. 

Oxygen  dissolved. 

Chlo- 
rine. 

Total  iron 
(Fe). 

Week  ending— 

Raw. 

31.2 
27.3 
27.3 
29.9 
28.6 
27.3 
28.6 
28.6 
28.6 
28.6 
28.6 
28.6 
27.3 
27.3 
26.0 
26.0 
26.0 
26.0 
20.0 
26.0 
23.4 
22.1 
19.5 
19.5 
20.8 

23.4 
24.7 
27.3 
24.7 
27.3 
29.9 
29.9 
29.9 
32.5 
31.2 
31.2 
32.5 
33.8 
36:4 
32.5 
38.0 
38.0 
36.4 
32.5 
37.7 
32.5 
36.4 
33.8 
31.2 
31.2 

Fil- 
tered. 

Raw. 

FD- 
tered. 

Parts  per 
million. 

Per  cent  satu- 
ration. 

Tempera- 
ture. 

Raw. 

Fil- 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tered. 

Raw. 

Fil- 
tared. 

tered. 

1915. 
July    10 

32.5 
28.6 
28.6 
29.9 
28.6 
27.3 
28.6 
28.6 
28.6 
29.9 
28.6 
29.9 
27.3 
27.3 
26.0 
27.3 
27.3 
26.0 
26.0 
26.0 
23.4 
22.1 
22.1 
20.8 
22.1 

23.4 
27.3 
27.3 
26.0 
27.3 
31.2 
31.2 
29.9 
32.5 
31.2 
32.5 
31.2 
35.1 
37.7 
37.1 
41.6 
40.3 
40.3 
37.7 
40.3 
37.7 
38.0 
36.4 
32.5 
31.2 

1.9 

0.8 

6.11 
6.83 
6.66 
7.30 

7.99 
7.92 
8.15 
8.40 

80.0 
89.1 
86.5 
95 

103 
101 
105 
106 

30.0 
29.8 
29.6 
29.1 

29.0 

28.4 
29.1 
28.2 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.8 
4.5 
4.0 
4.0 
4.0 
4.0 
4.5 

4.5 
4.5 
4.5 
4.5 
4.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.5 
5.5 
6.0 
6.0 
6.0 
6.0 
6.5 
6.0 
6.5 
6.5 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
5.8 

0.3 

0.4 

0.75 

0.40 

0.45 

0.35 

0.25 

0.20 

0.40 

0.35 

0.30 

0.40 

0.4 

0.4 

0,65 

0.8 

0.6 

0.6 

0.6 

0.6 

0.7 

0.8 

1.0 

0.8 

0.65 

0.4 

0.4 

0.4 

0.4 

0.4 

0.6 

0.5 

0.4 

0.4 

0.  45 

0.50 

0.6 

0.4 

0.65 

0.45 

0.25 

0.25 

0.35 

0.40 

0.40 

0.45 

0.30 

0.25 

0.3 

0.2 

0.25 

0.35 

0.0 

17 

Trace. 

24       

2.1 
1.7 
1.8 
1.9 
1.6 
1.6 
1.6 
1.8 
1.8 
3.5 
3.0 
4.0 
3.5 
3.1 
2.6 
1.5 
1.5 
1.5 
1.9 

■3.0' 
3.3 
3.4 

3.3 
4.0 
3.0 
3.8 
3.5 
3.8 
4.1 
4.0 
4.5 
4.5 
5.0 
4.6 
4.4 
4.0 
3.6 
3.5 
3.7 
2.7 
3.3 
3.4 
4.2 
4.2 
4.3 
4.2 
3.2 
3.4 
4.0 

0.6 
0.6 
0.5 
0.8 
0.6 
0.5 
0.6 
0.8 
0.7 
1.8 
0.8 
1.0 
0.9 
1.4 
0.6 
0.4 
0.6 
0.3 
0.5 
1.0 
0.3 
0.3 
0.4 

0.6 
0.3 
0.6 
0.9 
1.0 
0.8 
1.1 
0.9 
1.4 
1.2 
2.0 
1.3 
1.3 
0.9 
2.1 
1.8 
2.3 
1.8 
1.3 
1.8 
2.0 
2.1 
2.9 
2.1 
1.2 
2.0 
2.2 

0.25 

31  

0.0 

An-^      7 

Trace. 

14 

8.04 
7.76 
8.09 
7.97 
7.66 
9.00 
7.85 

8.65 
8.15 
8.49 
8.30 
8.52 
8.41 
8.53 

105 
103 
107 
104 

110 
107 
109 
109 

29.9 
30.4 
30.3 
29.7 
29.8 
30.2 
30.0 

28.6 
30.0 
29.1 
30.2 
29.3 
29.5 
29.5 

0.0 

21 

0.0 

28 

0.0 

Sept.    4 

0.0 

11 

Trace. 

18 

119 
103 

109 
111 

Trace. 

25  

0.1 

Oct      2 

0.1 

9 

8.15 

7.56 

5.35 

6.43 

6.1 

7.75 

8.38 

8.30 

5.88 

7.50 

8.74 

9.03 

6.89 

6.72 

8.27 

5.07 

6.41 

6.72 

6.82 

7.05 

6.82 

5.46 

6.14 

2.6 

4.6 

1.75 

3.14 

.5.6 

4.31 

2.51 

5.42 

3.20 

5.87 

6.35 

7.71 

6.86 

8.75 
8.60 
8.43 
8.40 
8.26 
8.59 
8.23 
8.15 
8.73 
8.12 
8.05 
8.55 

8.55 

7.74 

7.82 

7.27 

7.60 

7.98 

7.92 

8.65 

8.65 

8.95 

7.30 

7.8 

8.3 

8.34 

7.52 

8.08 

8.07 

7.87 

7.83 

7.5 

7.68 

7.71 

7.71 

7.44 

106 

98.8 
68.2 
83.5 
78.5 
98.8 

107 

105 
72.8 
94.8 

112 

116 

88.3 

112 
109 
108 
108 
105 
109 
104 
102 
108 
101 
101 
108 

108 

29.8 
29.8 
28.5 
29.5 
29.0 
28.5 
28.5 
28.0 
27.0 
28.0 
28.5 
29.0 

28.8 
29.6 
29.5 
28.7 
29.6 
28.8 
28.8 
28.0 
27.3 
27.9 
26.8 
27.3 
27.6 
28.3 
28.8 
28.4 
29.0 
29.2 
29.6 
28.8 
29.0 
28.7 
29.1 
29.1 

28.5 
28.0 
28.5 
28.8 
28.3 
28.3 
27.8 
27.3 
26.6 
27.3 
27.8 
28.2 

28.0 
28.4 
28.2 
28.2 
28.5 
27.5 
27.7 
27.0 
27.3 
27.0 
26.1 
26.9 
27.1 
27.  5 
28.0 
27.8 
28.3 
28.4 
28.6 
28.0 
28.0 
28.0 
28.1 
28.7 

0.05 

16 

0.1 

23 

0.2 

30 

0.0 

Nov.    6 

0.0 

13 

0.0 

20 

0.0 

27 

0.0 

Dec.     4 

0.05 

11 

0.00 

18 

0.0 

25 

0.0 

1916. 
Jan.     1  

Trace. 

8 

Trace. 

15 

108 
64.7 
83.3 
86. 1 
87.5 
89.0 
85.0 
69 
75 
32 

57.6 
22  2 
40!  2 
71 

54.4 
33.  1 
70.4 
41.0 
75.2 
81.2 
99 
89 

99 

96 

97 
100 

99.4 
107 
108 
111 

89 

96 
101 
104 

95 
101 
101 
100 
100 

94.7 

96.  9 

97.3 

97.7 

94 

Trace. 

22  

Trace. 

29 

0.05 

Feb.    5 

0.0 

12 

0.15 

19 

0.1 

26 

0.1 

Mar.     4 

o.os 

11 

0.1 

18 

25 

Trace 
Trace. 

Apr.     1 

Trace 

8 

Trace 

15 

0.1 

22 

Trace 

29 

Trace 

May     6.... 

13 

O.OJ 
0.1£ 

20 

O.K 

27 

June    3 

10 

O.IC 

Trace 

0.1; 

17 

0.0' 

24 

0.12 

July     1 

28.6 

31.2 

6.23 

7.64 

78 

97 

28.0 

27.7 

0.2J 
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Table  No.  17. — Agttn  Clara  purification  plant — Physical  and  chemical  character  of  raw 

and  filtered  water. 

(Parts  per  million.) 


Week  ending- 


1915. 
July    3... 

10... 

17... 

24... 

31... 
Aug.    7... 

14... 

21... 

28... 
Bept.  4... 

11... 

18... 

25... 
Oct.    2... 


16. 

23. 

30. 
Kov.   6. 

13. 

20. 

27. 
Dec.    4. 

11. 

18. 

25. 


Jan. 


1916. 
1.... 


15.. 
22.. 
29.. 

51. 
12.. 
19.. 
262. 

4.. 
11.. 
18.. 
25.. 

1.. 

8.. 
15.. 
22.. 
29.. 

6.. 
13.. 
20.. 
27.. 
June  3 . . 
10.. 
17.. 
24.. 
July    1 . . 


Feb. 


Mar. 


Apr. 


May 


Color. 


1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
2-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
1-v 
2-v 
1-v 
1-v 
2-v 


2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

2-v 

3-e 

3-e 

3-e 

3-e 

3-e 

3-e 

2v  2e 

2v  2e 

2v  2e 

2v  2e 

2v  2e 

2v  2e 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1-v 
0 
0 

1-v 


1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

1-v 

Iv  le 

Iv  le 

Iv  le 

Iv  le 

Iv  le 

Iv  le 

Iv  le 

2v  le 

le  Iv 

le  Iv 

le  Iv 

le  Iv 

le  Iv 


True. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Trace. 
5 
5 

Trace. 
0 
3 
5 
0 

Trace. 
0 
0 
1 
0 
0 
0 
0 


Turbidity. 


Free  car- 
bonic acid 
(CO2). 


Alkalinity 
(asCaCOj). 


Soap  hard- 
ness (as 
CaCOs). 


2.5 
3.5 
2.0 
0.0 
3.0 
2.5 
Trare. 
0.25 
1.0 
1.0 
0.0 
1.0 
2.5 
2.0 
2.0 
2.0 
2.5 
3.0 
3.5 
3.0 
3.5 
3.0 
3.5 
3.5 
2.0 
1.5 


1.0 
1.0 
1.5 
1.0 
2.0 
1.5 
2.0 
2.0 
2.0 
1.5 
0.5 
1.0 
1.5 
1.0 
1.0 
3.5 
3.5 
2.5 
4.0 
4.0 
4.5 
5.5 
8.0 
6.0 
6.0 
4.5 
6.0 


5.5 
6.0 
6.0 
5.0 
4.0 
5.5 
4.5 
4.0 
4.0 
4.5 
4.0 
4.0 
4.0 
4.0 
5.0 
5.5 
5.5 
6.0 
6.0 
6.0 
5.5 
6.0 
4.5 
6.5 
5.5 
5.0 


4.0 
5.0 
5.0 
6.0 
6.0 
4.5 
3.5 
3.5 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
1.5 
4.0 
3.5 
3.5 
5.5 
4.5 
4.5 
3.5 
4.5 
3.5 
6.5 
4.0 
3.0 


19.0 
19.0 
19.0 
19.0 
19.0 
20.0 
18.0 
19.0 
16.0 
17.0 
17.0 
18.0 
17.0 
16.0 
17.0 
17.0 
18.0 
18.0 
17.0 
17.0 
17.0 
IS.O 
16.5 
16.0 
14.0 
14.0 


14.0 
15.0 
15.0 
14.5 
15. 0 
15.0 
15.0 
16.0 
17.0 
16.5 
20.0 
17.5 
18.5 
18.5 
20.0 
20.0 
20.0 
20.0 
19.5 
19.5 
20.0 
19.5 
20.0 
20.5 
19.5 
19.0 
20.0 


7.0 

10.0 

10. 0 

10.0 

11.0 

11.0 

10.0 

10.0 

8.0 

7.0 

5.0 

8.0 

9.0 

6.0 

6.0 

4.0 

9.0 

7.0 

6.0 

5.0 

9.0 

8.5 

7.5 

6.0 

6.0 

7.0 


7.0 
7.0 
6.0 
5.0 
4.0 
9.0 
12.0 
15.0 
14.0 
11.0 
14.0 
13.5 
13.0 
15.0 
16.5 
15.0 
14.5 
14:0 
11.0 
14.0 
12.0 
13.5 
14.5 
14.0 
10.5 
11.5 
15.5 


16.9 
19.5 
18.2 
18.2 
16.9 
18.2 
15.6 
15.6 
15.6 
15.6 
15.6 
16.9 
16.9 
16.9 
16.9 
14.3 
15.6 
14.3 
12.7 
14.3 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 


11.1 

12.7 
12.7 
11.1 
12.7 
12.7 
12.7 
18.2 
15.6 
15.6 
15.6 
17.8 
15.6 
19.2 
24.6 
19.6 
24.7 
18.8 
11.0 
15.2 
15.0 
13.9 
13.8 
13.9 
13.9 
11.9 
13.5 


1  Application  of  soda  ash  started. 


2  Application  of  lime  started. 
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Table  No.  17. —Agua  Clara  purification  plant— Physical  and  chemical  character  of  raw 
and  filtered  water — Continued. 

[Parts  per  million.] 


Week  end- 
ing— 


1915. 
July    3... 

10... 

17... 

24... 

31... 
Aug.   7... 

14... 

21... 

28... 
Sept.  4... 

11... 

18... 

25... 

Oct.    2. . . 

9... 

16... 

23... 

30... 
Nov.  6... 

13... 

20... 

27... 
Dec.   4... 

11... 

18... 

25... 

1916. 
Jan.     1... 

8... 

15... 

22... 

29... 
Feb.    5'.. 

12... 

19.. 

262. 
Mar.    4.. 

11.. 

18.. 

25.. 

Apr.    1.. 

8.. 

15.. 

22.. 

29. 
May    6.. 

13.. 

20.. 

27.. 
June   3.. 

10.. 

17.. 

24.. 
July    1.. 


Oxygen 
consumed. 


4.3 
4.3 
4.9 
3.9 
3.9 
3.8 
3.7 
5.0 
5.0 
5.3 
5.3 
5.0 
5.5 
5.6 
4.8 
3.7 
3.8 
5.4 
4.7 
5.2 
4.2 
6.3 
4.2 
3.5 
4.3 
3.4 


4.5 
5.0 

4.4 
5.7 
4.5 

4.4 

5.1 

6.0 

5.6 

6.3 

8.5 

8.95 

7.45 

8.50 

8.85 

8.05 

8.00 

8.07 

8.30 


Oxygen  dissolved. 


Parts  per 
million. 


7.  SO 
7.60 
7.40 
6.65 
6.15 
6.40 
6.55 
6.00 


0.8 
1.0 
0.3 
0.9 
0.8 
0.7 
0.9 
1.0 
0.9 
0.5 
0.4 
0.9 
1.2 
0.6 
0.7 
0.2 
0.2 
0.7 
0.6 
0.7 
0.4 
2.4 
0.8 
0.4 
1.6 
0.3 


0.5 

1.2 

0.8 

0.8 

1.0 

1.3 

2.1 

2.0 

2.2 

2.3 

2.7 

4.  .55 

4.20 

4.35 

5.35 


50 

40 

42 

85 

25 

50 

10 

05 

80 

1.90 

1.95 

1.90 


7.2 
6.2 
6.8 

7.8 


7.5 
6.1 
5.8 
6.9 


6.1 
8.03 
6.86 
6.33 


6.2 
7.28 
6.56 
6.62 


7.5 


4.3 
5.2 
4.2 
5.3 


5.2 
5.9 
5.9 
6.2 
6.8 
7.3 


6.7 

6.9 

6.7 

6.9 

6.7 

6.9 

6.1 

5.8 

6.1 

7.2 

8.16 

7.77 

6.54 

6.92 

6.18 

6.09 

6.47 

7.22 

6.36 

6.91 

5.40 

6.22 


5.8 
6.6 
5.7 
6.0 


5.6 
6.8 
6.5 
6.3 
6.6 
7.2 


6.5 

6.9 

6.9 

7.0 

7.0 

7.1 

6.9 

6.9 

7.4 

7.6 

7.45 

7.37 

6.51 

6.34 

7.01 

6.35 

6.44 

6.23 

6.31 

5.61 

6.31 

6.70 

6.23 

6.94 

6.71 

6.63 

6.84 


Per  cent 
saturation. 


92.0 
81.0 
84.0 
99.0 


77.0 
106.0 
87.0 
79.0 


96.0 


55.0 


98.0 
80.0 
74.0 
88.0 


81.0 
96.0 
84.0 
83.0 


87.0 


76.0 


53.0 
67.0 


66.0 
79.0 
74.0 
79.0 
86.0 
93.0 


85.0 
88.0 
84.0 
87.0 
86.0 
89.0 
79.0 
72.4 
76.0 
89.0 
91.0 
99.4 
82.4 
88.0 
78.4 
77.0 
82.9 
92.6 
81.2 
89.0 
68.9 
79.5 
52.3 
65.  4 
79.2 
63.0 
48.6 


73.0 
75.0 


70.0 
86.0 
79.0 
80.0 
86.0 
92.0 


85.0 
88.0 
87.0 
89.0 
88.0 
91.0 
88.0 
85.0 
91.0 
93.0 
93.0 
94.6 
81.6 
80.0 
89.6 
80.0 
82.6 
80.0 
81.0 
72.2 
80.0 
85.0 
79.1 
88.6 
85.0 
86.1 
85.1 


Tempera- 
ture. 


29.0 
30.0 

28.5 
28.0 


2S.5 
30.6 
28. 5 
27.5 


28.5 


29.0 
27.0 
28.5 
28.0 


28.5 
28.0 
28.0 
28.0 
28.5 
28.5 


28.5 
28.5 
28.5 
28.0 
29.0 
29.0 
28.8 
27.4 
27.0 
26.8 
27.7 
28.7 
27.9 
28.3 
28.2 
28.0 
28.7 
28.8 
28.5 
29.0 
28.5 
28.6 
2H.0 
28.7 
28.7 
29.0 
26.9 


30.0 
29.5 
28.5 
28.5 


29.0 
30.1 
29.8 
27.5 


29.0 


30.0 
28.0 
29.0 
28.0 


28.0 
28.0 
26.0 
2S.5 
29.5 
29.0 


29.0 
28.5 
28.0 
28.5 
28.2 
29.0 
28.8 
27.0 
26.8 
26.5 
27.6 
28.9 
27.6 
27.9 
28.6 
27.9 
28.8 
28.9 
28.8 
29.0 
2S.2 
28.2 
2S.  2 
2,S.5 
2S.2 
29.5 
27.2 


6.0 
6.0 
6.0 
6.0 
5.5 
5.5 
5.5 
5. 5 
5.5 
6.0 
6.0 
6.0 
6.0 
6.0 
7.0 

'7.0' 
6.0 
7.0 
7.0 
7.5 
7.5 
6.5 
7.0 
7.0 
7.0 


Total  iron 
(Fe). 


0.30 
0.40 
0.30 
1.00 
1.00 
0.55 
1.40 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.40 
0.60 


0.50 
0.50 
0.70 
0.40 
0.55 
0.50 
0.50 
0.70 
0.40 
0.30 


0,30 
0.40 
0.35 
0.30 
0.45 
0.25 
0.45 
1.20 
1.20 
0.70 
1.20 
0.85 
0.80 
1.15 
1.00 
2.05 

0.  75 
1.05 
1.45 
1.05 
1.30 
1.35 
1.80 
1.20 

1 .  35 
1.70 
1.45 


0.10 
0.20 
0.15 
0.20 


Nitrogen  as- 


Ni- 

trites. 


0.20  I 

0.55 

0.50 

0.30 

0.20 

0.30 

0.20 

0.30 

0.20 

0.20 


0.10 
0.10 
0.20 

Trace. 
0.10 
0.15 

Trace. 

Trace. 
0.10 
0.10 


Trace. 

Trace. 
0.15 
0.15 
0.15 
0.10 
0.15 
0.40 
0.15 
0.45 
0.40 
0.30 
0.60 
0.65 
0.90 
0.55 
0.45 
0.45 
0.40 
0.30 
0.35 
0.20 
0.35 
0.10 
0. 10 
0, 15 
0.10 


Nitrates. 


Trace. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1  Application  of  soda  ash  started. 


2  Application  of  lime  started. 
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Table  No.  18. — Physical  and  chemical  character  of  ivater  from  Comacho  Reservoir . 

[Parts  per  million.] 


Date. 


Odor. 


Color- 


Apparent. 


True. 


^1 


Turbidity. 


Free  car- 
bonic acid 
(CO2). 


1915 
Joly    9 

16 

23 

Aug.    5 

21 

28 

Sept. 10 

22 

28 

Oct.     5 

12 

19 

26 

Nov.    8 

16 

23 

Dec.    1 

15....'..'... 

21 

23 

27 

30 

1916, 
Jan.     4 

11 

18 

25 

Feb.    2 

8 

15 

23 

29 

Mar.    7 

14 

21 

28 

Apr.    4 

11 

18 

26 

May    2 

9 

m 

23 

31 

June   6 

13 

20 

27 


342.8 
341.4 
342.6 
345.8 
345.7 
346.8 
346.5 
350. 0 
351.5 
353.3 
357.2 
357.7 
360.8 
366.7 
366.6 
366.4 
365.3 
365.5 
366.2 
365.7 
365.6 
365.2 
364.8 


364.2 
363.2 
362.3 
361.1 
359.9 
359.0 
358.0 
356.8 
355.8 
354.6 
353.4 
351.9 
350.2 
348.7 
347.1 
345.5 
343.7 
342.1 
340.2 
338.3 
336.7 
337.3 
335.6 
333.  7 
3.33. 6 
334.4 


4-e 
3-e 
1-v 


2-v 


0-0 

4-e 

3-v 

4-m 

3-ni 

1-m 

0-0 

1-e 

1-e 

1-m 

0-0 


0-0 
1-e 
0-0 
0-0 
1-e 
1-e 
2-e 
3-e 


3-v 
3-v 
3-v 
3-v 
3-v 
3-v 
2-m 
4-m 
4-v 
5-p 
3-p 
5-p 
5-p 
5-p 
3-e 
3-e 
4-d 
4-d 
4-e 
4-H2S 
4-H2S 
4-H2S 
4-H2S 


4-H2S 

4-e 

4-H2S 

4-HsS 

4-v 


1-a 

4-e 

3-v 

4-m 

3-m 

3-m 

3-e 

3-e 

2-f 

1-m 

0-0 

2-g 

4-H2S 

4-H2S 

3-H2S 

4-H2S 

2-H2S 

3-m 

4-H2S 

4-H2S 


20 


11 

28 

24 

80 

20 

21 

24 

90 

70 

26 

60 

37 

160 

140 

170 

150 

150 

110 

134 

130 

115 

100 

90 


90 
70 
45 
37 
15 
17 
15 
12 
15 
IS 
15 
12 
12 
17 
18 
24 
22 
20 
20 
84 
24 
110 
26 
17 


18 


3.0 


2.0 
2.5 
2.2 


2.2 
1.0 

14.0 
2.0 
4.5 
6.0 
2.0 
2.5 

16.0 

114.0 

1.0 

1.0 

0.0 


10.8 
10.6 
I  1.0 
1.5 
1.5 
10.8 
1  0.6 
16.0 


1  Carbonate  allialinity. 
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-Physical  and  chemical  character  of  loater  from  Comacho  Reservoir — Contd. 
[Parts  per  million.] 


Alkalinity 
(asCaCOa). 

Soap  hard- 
ness (as 
(CaCOa). 

Oxygen 
consumed. 

Oxygen  dissolv 

-d. 

Tem 

tu 

Date. 

Parts  per 
million. 

Per  cent  satu- 
ration. 

re. 

i 

3 

3 

ll 

3 
CO 

ll 

3 

1 

m 

fl 

3 

3 
CO 

i 
U 

3 

1 
3 

02 

|l 

1915. 
July     9 

70.8 
61.0 

61.8 
47.1 

16 

23 

1 

Aug.    5 

55.0 
59.5 
54.0 
54.5 
55.5 
54.0 
56.0 
53.5 
56.5 
56.0 
46.0 
43.2 
48.0 
48.6 
53.0 
52.0 
58.5 
54.5 
53.5 
54.5 

55.0 
57.2 
61.5 
59.0 
56.0 
59.0 
62.0 
62.0 
62.0 
62.0 
62.5 
63.0 
66. 0 
64.0 
61.0 
63.5 
64.0 
64.0 
71.0 
69.0 
e.'i.O 
55.0 
59.5 
62.0 
56.0 
53.0 

53.1 
36.8 
47.5 

21 

28 

Sept.  10 

3.95 
5.00 
6.00 
4.00 
4.80 
7.00 
7.20 
7.50 
5.00 
4.00 
4.70 
4.85 
5.20 
4.75 
4.40 
4.20 
4.55 

3.75 
3.55 
3.50 
3.45 
2.&5 
2.15 
2.65 
2.30 
2.30 
1.25 
1.85 
2.25 
3.30 
3.10 
3.10 

22    

28 

Oct.     5 





42.3 

42.2 
47.8 
42.9 

'so.o" 

47.1 
47.1 
49.3 
49.3 
52.9 
50.0 
49.3 
51.4 
52.1 
50.0 
50.7 
51.4 

50.0' 
52.2 
51.4 
47.9 
45.7 
49.3 
47.1 
42.3 

31.0 
38.9 
36.1 
39.1 
36.4 
28.8 
30.4 
34.2 
29.2 
37.4 
33.8 
35.1 
3S.0 
45.0 

40.9 
47.1 
42.3 
51.4 
42.9 
47.1 
48.6 
47.8 
51.3 
52.1 
50.0 
47.8 
51.4 
52.1 
60.0 
48.6 
52.1 
48.6 
37.7 
51.4 
53. 6 
44.3 
48.6 
52.1 
47.1 
41.0 

...... 

■2.'70' 

3.15 
2.90 
3.35 

'2.'65' 
3.35 
2.95 
2.50 
3.10 
2.20 
2.20 
2.90 
2.55 
3.55 
2.95 

\" 

12        

1 

19    

26 

Nov.    8 



16     

23 

Dec.     1 

7               

15 

21                 

23            

■■"5.72" 

7.20 
6.25 
7.15 

0.00 
0.00 
5.15 

o.'se' 

0.20 

'72."2" 

88.0 
79.5 
90.0 

0.00 
0.00 
65.00 

"3.' 26' 
2.50 

27 

54.0 

28.0 

26.7 
28.4 
28.0 

28.0 

30 

28.0 

1916. 

52.5 
56.3 
57.5 

11 

26.5 

18 

27.2 

25 

Feb.     2 

56.0 
59.0 
61.0 
61.5 
62.0 
62.0 
63.0 
63.0 
63.5 
65.0 
63.5 
63.5 
65.0 

5.55 
6.01 
7.92 
6.41 
3.94 
4.72 
7.44 
6.75 
7.72 
8.33 
6.20 
7.65 
8.15 

"8.03" 
9.03 
9.05 
6.83 
6. 86 
•    11.18 
11.00 
9.16 

3.30 
3.96 
6.05 
4.30 
5.46 
3.90 
3.14 
4.75 
5.29 
6.25 
5.41 
6.13 
6.36 
5.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.70 
0.00 
0.00 

70.0 
75.0 
99.0 
81.0 
49.5 
58.5 
93.8 
84.5 
87.4 

107.0 
78.1 
98.5 

108.0 

"i64.2 
117.0 
119.0 
88.0 
86.5 
144.0 
141.0 
114.5 

4i.3 
49.1 
75.5 
53.7 
68.4 
38.4 
39.3 
59.4 
66.7 
79.5 
68.3 
78.9 
83.2 
65.1 
0.00 
0.00 
0.(X) 
0.00 
0.00 
.S.  90 

0.  on 
0. 00 

28.6 

27.5 

8 

15 

27.5 
28.0 
27.2 
27.0 
28.0 
27.5 
28.0 
29.0 
28.0 
29.0 
30.5 

'29.5' 
29.5 
30.0 
29.0 
28.  0 
29.0 
29.0 
27.5 

27.5 

23 

27.5 

29               

27.2 

Mar.     7 

27.0 

14 

27.5 

21 

27.5 

28 

28.0 

Apr.     4 

28.5 

11 

28.0 

18 

29.0 

26 

3.60 

'3.8O' 
3.65 
4.. 30 

4.f;5 

4.40 
4.33 
4.10 
5.0 

3.05 
3.40 
5.75 
4.20 
4.60 
4.90 
4.20 
3.93 
4.20 
5.20 

30.0 

May     2 

29.0 

9 

64.0 
63.0 
61.0 
57.0 
58.5 
59.5 
58.0 
57.0 

27.5 

16 

28.5 

23 

28.5 

31 

June    6 

27.5 
27.6 

13 

2S.5 

20 

28.5 

27 

:'7.0 
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Table  No.  18. — I'liysival  cnul  chemical  character  ofvaterfrom  (  omacho  Reserroir — Coiitd. 

(I'arts  per  million.] 


Chlorine. 

Total  solids. 

Total  iron 
(Fe). 

Nitrogen  as — 

Date. 

Total. 

Fixed. 

Nitrite.s. 

Nitrates. 

1 

u 

m 

6 

0? 

11 

a 

CO 

1 

02 

v.     • 

X 

0 
X 

^9 
C.2 

1915. 
July     9 

5.5 
5.8 

125 
137 

76 
70 

0.05 

16 

0.90 

23 

Aug.    5 

5.5 
5.8 
5.3 
5.3 
4.5 
5.0 
5.0 
4.8 
5.0 
0.0 
5.0 
4.5 
4.5 
4.8 
5.3 
4.2 
5.5 
5.0 
5.0 
4.8 

5.0 
0.2 
5.3 
5.0 
5.5 
6.0 
5.5 
5.8 
6.0 
6.0 
5.5 
5.5 
5.0 
5.0 
6.3 
6.0 
5.0 
5.5 
5.3 
6.0 
5.5 
6.3 
5.0 
5.0 
4.8 
4.8 

135 
135 
116 
119 
125 
125 
112 
113 
114 
137 
117 
121 
112 
97 
118 
114 

75 
72 
72 
65 
54 
78 
70 
SO 
76 

68 
87 
78 
74 
91 
78 



0.80 
0.25 
0.40 
0.25 
l.fiO 
1.40 
0.40 
1.40 
0.50 
2.60 
1.60 
2.30 
2.70 
3.60 
2.90 
3.40 
3.50 
3.30 



^    21 

28 

Sept.  10 

Trace. 

0.000 
0. 000 
0.001 

'6.066  ' 
0.001 
Trace. 
0.000 
0. 0007 
0.0008 
0.0008 
0.0008 
0.001 
0.0008 
0.000 
0.000 
Trace. 

0.666 

0.000 

0.000 

0.000 

0. 0008 

0.000 

0.000 

0.001 

0.003 

Trace. 

Trace. 

0.004 

0.002 

0.002 

0.003 

0.003 

0.000 

Trace. 

Trace. 

0. 002 

0.003 

0. 0035 

0.000 

0.000 

Trace. 

0.000 

Trace. 

Trace. 

Trace. 

Trace. 

0.001 

Trace. 

0. 000 

0.0007 

0. 0008 

0.001 

0.001 

0. 0005 

0. 0008 

0.000 

0.001 

0.0008 

0.001 

0.000 

0.000 

0. 000 

0.000 

Trace. 

0.000 

0.000 

0.001 

:::::::: 

0.02 
0.01 

22 

28 

Oct.     5 

"6.66  " 

0.00 
0.00 
0.00 

"'6.00" 
0.00 

Trace. 
Trace. 
Trace. 
Trace. 

0. 025 

0.01 

0.01 

0.01 
Trace. 
Trace. 
Trace. 

"6."  66" 
0.01 
0.00 
0.00 

Trace. 
0.00 
0.00 
0.00 

0  0' 

12 

0.01 
Trace. 
0.05 
Trace. 
0.03 
0.03 
0.00 
0.00 
0.00 
0  00 

19 

26 

Nov.    8 

16 

23 

Dec.     1 

15 

21 

23 :. 

0  00 

27 

4.80 

0.00 

4.P0 
2.20 

2.00 
2.00 
1.00 
1.20 
0.30 
0.45 
0.15 
0.10 
0.25 
0.40 
0.25 
0.20 
0.20 
0.30 
0.20 
0.30 
0.00 
0.13 
1.30 
2.80 
1.25 
2.25 
1.00 
0.63 
1.30 
1.00 

0  00 

30 

0  00 

1916. 
Jan.      4 

5.50 
5.00 
5.30 

0.10 
0.10 
0.00 

11 

0  00 

18 

25 

108 

117 

73 

78 

0.00 
0  00 

Feb.     2 

6.00 
5.50 
5.50 
5.80 
6.00 
6.00 
5.50 
5.00 
5.30 
5.00 
6.00 
6.00 
5.00 

Trace. 
0.25 
0.15 
0.10 
0.30 
0.25 
0.20 
0.10 
0.10 
0.20 
0.20 
0.30 
0.20 

'"6."  16' 

0.23 
0.15 
0.45 
0.20 
0.30 
0.40 
0.60 

0  00 

8 

0  00 

15 

0  00 

23 

Trace. 

Trace. 

Trace. 
0.02 
0  01 

29 

Mar.     7 

110 
112 
119 
210 
194 
167 

104 
106 
119 
200 
106 
145 

90 
78 
101 
172 
146 
52 

94 
70 
105 
,    175 
75 
54 

14 

21 

28 

0  01 

Apr.     4 

0.00 
0.008 
Trace. 
0.01 
0.00 
0.00 
0  07 

11 

18 

26 

115 

113 
126 
146 

72 
■76' 

72 
89 
88 

May     2 

9 

5.30 
5.70 
5.50 
6.. 30 
5.00- 
5.00 
5.30 
4.80 

16 

23 

0  00 

31 

June    6 

1158 

1211 

1115 

1165 

0.00 
0  00 

13 

0  00 

20 

0  00 

27 

1113 

1198 

171 

1146 

0.00 

1  Composite  of  samples  collected  during  month. 
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Table  No.  19. — Rio  Grande  Reservoir — Physical  and  chemical  character  of  water. 

[Parts  per  million.] 


Date. 


Color. 


—  o 

03  CS 


ft(3 


Nitrogen  as — 


.;z; 


Solids. 


1915. 

July      2 

29 

Aug.   28 

Sept.  14 

15 

23 

6 

13 

15 

27 

4 

9 

17 

24 

1 


Oct. 


Nov. 


Dec. 

8 
16 
22 
29 

1916. 

Jan.  5 
12 
21 
26 
5 
12 
15 
24 
29 

Mar.  182 
182 
21 
29 
5 
12 
19 
27 
3 
10 
17 
24 

June     1 
7 

14 
21 
28 


Feb. 


Apr. 


May 


230. 12 
233.87 
235.  75 
235.71 
235. 69 
235. 80 
235.87 
236. 44 
236. 64 
237. 06 
237. 99 
238. 16 
238. 03 
235.80 
235.91 
237.01 
236. 74 
237. 62 
238. 06 


238. 40 
238.57 
238. 56 
238. 50 

238. 41 
238.32 
238.  28 
238. 20 
237. 67 


233. 56 

232. 38 
229.09 
229.00 
228. 88 
228. 72 
228. 74 
228.64 
228. 79 

229. 39 
232. 09 
229. 84 
227. 67 
227. 45 
228. 14 


ra 


3-v 
3-v 
3-H2S 
0-0 
3-v 
5 
5-p 
5-p 
5-p 
5-p 
5-p 
5-p 
3-e 
4-e 
3-e 
2-e 
3-e 
2-e 
3-v 


4-e 

5-v 

4-e 

3-e 

4-e 

4-v 

1-a 

3-v 

2-e 

1-v 

0-0 

1-m 

1-ra 

4-v 

5-v 

1-e 

0-0 

3-e 

0-0 

2-e 

0-0 

2-e 

1-e 

1-e 

3-e 

3-e 


iQ.O 

12.0 

14.5 

12.0 

11.5 

11.5 

9.0 

7.5 

7.0 

7.5 

5.5 

5.5 

7.0 

6.0 

8.5 

8.0 


16.0 
6.3 
4.5 
5.5 
6.5 
4.5 
5.0 
3.5 
3.0 
5.0 
4.5 
4.0 
3.0 
2.5 
3.0 
2.5 
0.0 
0.0 
0.0 
1.5 
2.5 
2.5 
4.0 
0.0 
2.0 
7.0 


57.0 


48.5 
82.0 
49.0 
49.0 
44.5 
42.0 
38.0 
40.0 
29.5 
35.0 
30.5 
33.0 
34.0 
38.5 
38.3 
43.5 
43.0 


46.3 
49.0 
55.0 
53.0 
52.0 
.55.0 
57.0 
58.5 
57.0 
59.0 
59.0 
58.0 
61.0 
60.0 
60.0 
60.5 
63.0 
61.5 
60.0 
61.0 
59.0 
58.5 
58.0 
58.0 
54.0 
48.0 


39.6 
39.' 6 


30.3 
33.8 
29.0 
32.5 
31.2 
23.7 
28.8 
26.7 
29.0 
23.0 
26.0 
28.9 
31.2 


31.2 
37.7 
46.4 
42.2 
41.0 
40.3 
47.1 
40.3 
45.0 
43.6 
45.7 
46.4 
45.7 
46.4 
46.4 


47.1 
50.0 
47.6 
47.8 
47.1 
47.1 
46.4 
50.0 
45.7 
40.6 


3.10 

7.60 
8.80 
9.40 
7.20 
7.80 
6.20 
5.70 
5.80 
5.10 
5.80 
4.60 
4.45 
4.30 
4.30 
3.30 


3.70 
1.80 
1.70 
2.80 
2.65 
2.70 
2.95 
3.80 
2.70 
2.60 
2.35 
2.85 
2.85 
3.55 
3.15 


2.35 
2.90 
3.40 
2.15 
1.10 
4.40 
3.30 
4.23 
4.00 
4.40 


0.002 
.003 

Trace. 

0.002 

Trace. 
.003 
.003 
.003 
.004 
.000 
.003 
.004 
.003 
.0035 
.000 

Trace. 


.000 

Trace. 

Trace. 
.001 
.0005 
.001 

Trace. 
.001 
.003 
.0007 
.0007 
.0007 
.0005 

Trace, 
.005 
.004 
.001 

Trace. 
.0005 
.000 

Trace. 
.000 
.000 

Trace. 
.000 

Trace. 


0.00 
0.03 
0.04 

.03 

.05 

.04 

.03 

.03 

.02 

.04 

.03 

.00 

.00 

.00 
Trace. 
Trace. 


.00 
.00 
.00 
.00 
.00 
.00 

Trace 

Trace. 

Trace. 
.■02 
.01 
.01 
.01 
.00 
.OOi 
.00 
.00 
.01 
.00 

Trace. 
.00 
.00 

Trace, 
.00 
.00 

Trace 


6.0 
6.0 
5.0 
5.0 
5.3 
4.6 


119 
145 
116 
109 
129 
117 
121 
124 
118 
133 
116 
111 
105 
107 
105 


125 


102 
103 
106 
94 
166 
202 


6. 0  ]  106 
5.5  121 
5. 0  107 
5.  5  ! 


3  115 


118 


80 
69 

74 

77 

128 

144 


63 


83 


0.25 
0.40 
0.45 
0.25 
2.80 
3.00 
3.00 
3.00 
2.80 
1.20 
1.90 
2.90 
2.70 
2.70 
2.00 
2.00 
1.60 
3.30 
1.80 


0.20 
0.40 
0.35 
0.40 
0.35 
0.30 
0.15 
0.10 
0.20 
0.10 
0.20 
0.10 
0.10 
0.15 
0.25 
0.20 
0.15 
0.18 
0.25 
0.23 
0.12 
0.16 
0.25 
0.25 
0.13 
0.55 


1  Carbonate  alkalinity=4.0. 

*Zion  Hill  Reservoir. 

*  Composite  of  samples  collected  during  month. 
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Per  cent  of  samples  examined 

Number  of  standard  units 

Per  cent  of  total  standard  units 

Brazos  Brook  Reservoir 

Number  of  samples  containing 

Per  cent  of  samnles  examined 

Number  of  standard  imits 

Per  cent  of  total  standard  units 

Agua  Clara  Reservoir 

Number  of  samples  containing 

Per  cent  of  samples  examined 

Number  of  standard  units 

Per  cent  of  total  standard  units 

Comacho  Reservoir,  surface 

Number  of  samples  containing 

Per  pent,  of  samnlps  examined 

Number  of  standard  units 

Per  cent  of  total  standard  units 

Comacho  Resei  voir,  pump  station. 

Number  of  samples  containing 

Per  cent  of  samnles  examined 

Number  of  standard  units 

Per  cent  of  total  standard  units 

Rio  Grande  Resei-voir 

Number  of  samples  containing 

Per  cent  of  samples  examined 

Number  of  standard  units 
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Section  of  Meteorology  and  Hydrography. 

The  section  of  meteorology  and  hydrography  contmuod  to  keep  the 
permanent  records  of  weather  conditions  on  the  Canal  Zone,  the 
hydrology  of  Gatun  Lake  watershed,  including  the  operation  of  the 
spiUway,  and  the  hydrographic  conditions  at  the  Atlantic  and  Pacific 
approaches  to  the  canal  and  at  the  locks. 

Tlie  rainfall  for  the  year  was  generally  above  the  normal  over  the 
Atlantic  and  northern  half  of  the  central  section,  and  slightly  deficient 
over  the  Pacific  and  southern  half  of  the  central  section. 

Special  attention  is  invited  to  the  report  of  the  chief  hydroc^rapher 
in  which  the  statement  is  made  that  the  yield  of  Gatun  Lake  water- 
shed durmg  the  dry  season  months  of  1916,  eJanuary  to  April  inclu- 
sive, was  normal,  or  an  actual  yield  of  2,200  cubic  feet  per  second 
agamst  an  estimated  yield  of  2,160  cubic  feet  per  second.  It  was 
necessary  to  waste,  during  January,  over  2,000,000,000  cubic  feet  of 
water,  but  durmg  February,  March,  and  April  the  mflow  was  exceeded 
by  water  usage  and  evaporation.  From  January  1  to  May  1  the 
lake  was  lowered  0.42  of  a  foot,  representmg  a  loss  of  1.95  billion 
cubic  feet  of  storage.  The  2,000,000,000  cubic  feet  which  were 
spiUed  alter  aU  regular  demands  for  water  had  been  met  would  have 
been  sufficient  to  provide  for  approximately  330  lockages  in  addition 
to  those  actually  made  durmg  the  dry  season. 

The  details  of  the  work  accompHshed  by  this  section  are  covered 
by  the  report  of  the  chief  hydrographer,  which  follows: 

Section  of  Meteorology  A>fD  Hydrography. 
F.  D.  Willson,  chi^f  hydrographer. 

\J^r.^?''^^\^''^  the  section  ha.^  remained  unchanged,  with  the  exception  that 
Mj.  Cjeo.  J.  13entley,  meteorologist  at  Colon,  was  succeeded  in  April  by  Mr.  Lester  T. 

meteorology. 

Veiy  few  changes  were  made  during  the  past  fiscal  year  in  the  meteorological 
stations  operated  under  the  du-ection  of  the  chief  hydrographer.  All  of  the  stations 
enumerated  in  the  annual  report  of  The  Panama  Can^l  for  the  fiscal  year  19ltl5  we^ 
continued  m  operation  except  aa  noted  below  ^^-^-lo  weie 

imder  thpVn''n'^F^fp^^/^''^'^f  moved  on  September  19,  1915,  from  the  old  location 
under  the  I'anama  Railroad  steel  pier  to  the  new  concrete  dock  (No    18) 

ovei^'ffl^HhK^^'l  "^^^u  "^r??  ^^^y^^^  whereby  the  weather  conditions  prevailing 
over  the  Canbbean  Sea  the  Gulf  of  Mexico,  and  the  south  Atlantic  Ocean  each  day 
Stere?ts  ^^c^ived  and  distnbuted  to  the  port  captains  and  other  shipping 

over\*he  rTnf  yl^oVs'"^''^^''  Government,  the  daily  weather  conditions  prevailing 
over  the  Canal  Zone  at  8  a.  m.  are  cabled  to  Buenos  Aires 

.t'^nTt"^*''''~J^%'^'°^^^^  ^^''  *^^  calendar  year  1915  was  above  the  average 
at  10  stations  and  deficient  at  8  stations.     The  annual  totals  ranged  from  152  77 

Sction  w^  7?98  in.bL'^inf  «f  ?"l^'"-     ^he  average  precipitation^over  the  Pax^ific 

fi^fl^  7^  ^^"^  "'?''*  ''^  least  rainfall,  and  although  there  were  several  local  excep- 
tions, October  was  in  general  the  rainiest  month 

.  Jn!l  wti'^7/'''''''''  '■^.""^^^^  ''r''  *^  ^^"^^  «6^tio^  amounted  to  10  per  cent  of  the 
^t^^n  tI'-  ■  P''''  ''''''*  ^r*"  *^®  ^^'^^^^^  ^®^ti«°'  and  20  per  cent  over  the  Atlantic 
fhP  twn  Z^Z^''''^^''  'n  ^i'^.fr^'"^?^*^"^  «^  ^ainfa"  during  the  dry  season  was  due  to 
\ll  Jr-  If'  %  r^^"^l  "Northers,"  that  deluged  the  Isthmus  with  rain  during 
the  periods  from  Februaiy  9  to  11  and  from  April  3  to  5 
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The  maximum  24-hour  rainfall  recorded  during  the  year  was  8.30  inches  at  Gatun 
on  April  3  and  4.     Daily  quantities  in  excess  of  four  inches  were  recorded  as  follows: 


station. 


Colon 

Do 

Do 

Do 

Gatun 

Monte  Lirio. 

Frijolcs 

Vigia 

Empire 

Rio  Grande. 


Date. 


Feb.  10 
Apr.  3 
July  1 
Oct.  16 
Apr.  3 
Oct.  9 
Apr.  3 
Oct.    31 

...do 

...do 


Inches. 


7.12 
4.98 
6.30 
4.69 
7.64 
4.60 
5.13 
4.64 
4.11 
4.31 


Station. 


Brazos  Brook 

Do , 

Do , 

Gatnn 

Monte  Lirio. . 

Trinidad 

Vigia 

Alhajnela 

Comacho 


Date. 


Feb.  10 
Apr.  3 
June  8 
Feb.  10 
Apr.  3 
Feb.  10 
May  20 
July  8 
Oct.    31 


Inches. 


6.18 
5.27 
4.04 
6.57 
5.40 
4.60 
4.21 
5.33 
4.26 


The  rainfall  during  the  first  six  months  of  1916  has  been  above  normal  over  the 
Pacific  section  and  southern  part  of  the  central  section,  and  below  normal  over  the 
Atlantic  section  and  northern  part  of  the  central  section. 

Monthly  records  for  1915,  1916,  and  the  station  averages,  are  presented  in  Table 
No.  1,  while  the  maximum  rainfall  or  record  for  periods  of  5  minutes,  1  hour,  and 
24  hours,  at  stations  equipped  with  automatic  registers,  is  shown  in  Table  No.  2. 

Temperature. — The  average  air  temperature  for  the  year  1915  was  near  the  normal 
on  the  Pacific  coast,  and  approximately  1  degree  Fahrenheit  above  the  normal  on 
the  Atlantic.  March  was  the  month  of  highest  mean  temperature  on  both  coasts, 
while  July  was  the  month  of  lowest  mean  temperature  on  the  Atlantic  coast,  and 
November  on  the  Pacific. 

The  means  and  extremes  in  air  temperature  for  the  year  1915  at  the  two  first-class 
stations  are  given  in  the  following  table: 


station. 

Maximum. 

Minimum. 

Annual 

-  F. 

Date. 

°  F. 

Date. 

mean  °  F. 

93 
91 

Apr.   11 
Sept.  27 

69 
72 

Jan.    31 
Feb.  10 

80.6 

81.2 

The  absolute  maximum  and  minimum  temperatures  for  the  years  of  record  are 
shown  below,  revised  to  June  30,  1916: 


Station. 


Maximum. 


Date. 


Minimum. 


F.  I        Date. 


Balboa  Heights . 
Colon 


Apr.     7, 1912 
Jime    3,1909 


63     Jan.    27,1910 
66     Dec.     3, 1909 


The  lowest  temperature  of  record  on  the  Isthmus  is  59°  F.,  observed  at  Bas 
Obispo  on  February  9,  1907.  The  maximum  temperature  record  of  97°  F.,  at 
Balboa  Heights  (then  Ancon),  was  equaled  at  the  Naos  Island  station  on  February  13, 
1906. 

The  temperature  during  the  first  six  months  of  1916  has  been  generally  below  normal 
on  the  Pacific  coast  and  above  normal  on  the  Atlantic. 

Monthly  temperature  records  and  other  meteorological  data  for  the  year  1915  at  the 
two  first-class  stations  are  presented  in  Tables  Nos.  3  and  4. 

Wind. — The  wind  movement  over  the  Canal  Zone  for  the  year  1915  was  slightly 
below  the  average.  Northerly  winds  prevailed.  On  the  Atlantic  coast  February 
was  the  month  of  greatest  wind  movement  and  June  the  month  of  least  movement, 
while  over  the  interior  and  Pacific  coast  the  greatest  movement  occurred  in  March, 
and,  in  general,  November  was  the  month  of  least  movement. 
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The  following  table  revised  to  June  30,  1916,  shows  tlie  maximuin  wind  velocities 
of  record  at  the  first-class  stations: 


Station. 

Maximum  velocity. 

Miles 
per  hour. 

Direc- 
tion. 

Date. 

Balboa  Heights 

59 
46 

S. 

N. 

July   10,1909 

Apr.     4,1915 

Atmospheric  pressure. — The  mean  atmospheric  pressure  for  the  year  1915  was  slightly 
below  the  normal.  On  the  Atlantic  coast  the  highest  mean  pressure  occurred  in 
March  and  December  and  the  lowest  in  May,  while  on  the  Pacific  coast  the  month 
of  maximum  pressure  was  November  and  of  minimum  pressure  June. 

Relative  humidity. — The  mean  relative  humidity  of  the  atmosphere  for  the  year  1915 
was  slightly  above  the  average  at  both  coast  stations.  On  the  Atlantic  coast  August 
was  the  month  of  highest  average  humidity  and  January  the  month  of  lowest  average 
humidity,  while  on  the  Pacific  coast  the  months  of  highest  and  lowest  average 
humidity  were,  respectively,  November  and  March. 

Cloudiness. — The  average  daytime  cloudiness  for  the  year  1915  was  slightly  above 
normal  on  both  coasts.  July  was  the  month  of  heaviest  cloudiness,  while  the  least 
average  cloudiness  occurred  in  January. 

Evaporation.- — ^The  evaporation  during  the  year  1915  was  above  the  average  on  both 
coasts,  but  below  the  normal  over  Gatun  Lake  surface,  the  yearly  total  being  the 
lowest  on  record.  Evaporation  during  the  first  six  months  of  1916  has  also  been  above 
the  average  on  both  coasts,  while  over  Gatun  Lake  surface  the  deficiency  has  been 
well  marked. 

The  monthly  records  are  given  in  Table  No.  5.  The  total  evaporation  for  the  year 
1915,  together  with  the  station  averages,  are  presented  in  the  following  table: 


station. 

Evaporation, 
inches. 

Years  of 
record. 

1915 

Average. 

Balboa  Heights 

55.911 
59.  932 
52. 226 

50.421 
62. 637 
51.015 

8 

Gatim 

5 

Colon 

Vi 

Fogs. — No  fogs  were  observed  during  the  year  1915  at  the  Atlantic  coast  station, 
while  a  total  of  three  fogs  were  observed  at  the  Balboa  Heights  station  near  the  Pacific 
coast.  Numerous  fogs  were  observed  at  interior  stations  where  fog  records  are  kept, 
and  practically  all  observed  lifted  or  were  dissipated  by  8.30  a.  m. 

Sea  temperature. — The  surface  temperature  of  the  sea  was  approximately  1°  F. 
abo\-e  normal  on  both  coasts.  The  means  and  extremes  for  the  year  1915  are  given 
in  the  following  table: 


Station. 

Maximum. 

Minimum. 

Amiual 

°F. 

Date. 

°  F. 

Date. 

mean. 

Balboa 

90 

88 

Nov.  27 
May    18 

71 

79 

Apr.  16 
'Feb.   11 

81  4 

Colon 

83.5 

I  On  other  dates  also. 


Tidal  conditions. — Tide  registers  were  continued  in  operation  at  Balboa  and  Colon. 
The  tidal  extremes  for  the  years  of  record  at  these  stations  are  given  below  (length  of 
record,  eight  years) — table  revised  to  June  30,  1916: 
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Station. 

Maximum  high 
water. 

I'.xtreme  low  water. 

Maximum  daily 

range.' 

Minimum  daily 
range.  1 

Eleva- 
tion. 

Date. 

Eleva- 
tion. 

Date. 

Feet. 

Date. 

Feet. 

Date. 

Balboa 

Colon 

-11.2 
1.68 

Oct.     2,1909 
Feb.  11,1915 

-10.6 
1.01 

Apr.  11,1910 
Jime    9, 1910 

20.8 
2.17 

Apr.  11,1910 
Feb.  28,1911 

4.9 

Feb.  24,1915 
(2) 

1  For  consecutive  tides. 


2  One  tidal  fluctuation  often  entirely  absent  at  Colon. 


Seismology. — Fifty-nine  seismic  tremors  were  recorded  at  the  Balboa  Heights  seis. 
mological  station  during  the  fiscal  year  ending  June  30,  1916.  Six  of  these  disturb 
ances  were  of  sufficient  intensity  to  thi'ow  the  pens  from  the  instruments,  and  quite 
a  number  were  strong  enough  to  be  generally  felt  in  the  Canal  Zone.  Most  of  the 
tremors  were  of  comparatively  local  origin  (less  than  600  miles).  There  was  an 
apparent  revival  of  activity  in  the  Los  Santos  Province  that  reached  the  maxima 
during  the  latter  part  of  November,  1915,  and  during  the  first  part  of  February,  1916. 
After  tliis  time  the  scene  of  activity  shifted  to  the  northwest,  culminating  in  the 
tremors  of  April  26,  during  one  of  which  considerable  damage  was  done  to  the  wharf 
and  merchandise  stocks  of  the  United  Fruit  Co.  at  Bocas  del  Toro.  The  intensitiea 
of  the  various  shocks  varied  from  I  to  V  on  the  Rossi  Forel  scale  of  I  to  X. 

A  complete  list  of  seismic  disturbances  recorded  at  Balboa  Heights  dm-ing  the  fiscal 
year  1915-16  is  given  in  Table  No.  7. 

The  following  tables  accompany  this  report: 

No.  1.  Monthly  rainfall  on  the  Isthmus  of  Panama. 

No.  2.  Maximum  rainfall  in  the  Canal  Zone. 

No.  3.  Monthly  meteorological  data,  Balboa  Heights,  year  1915. 

No.  4.  Monthly  meteorological  data,  Colon,  year  1915. 

No.  5.  Monthly  evaporation,  Canal  Zone,  1915,  1916,  and  averages. 

No.  6.  Tidal  conditions,  year  1915. 

No.  7.  Seismograph  records,  Balboa  Heights,  fiscal  year  1915-16. 

Table  No.  1. — Monthly  raiafaU  on  Isthmus  of  Panama,  1915-16,  and  station  averages. 

[Value  in  inches.] 


Stations. 


Jan.    Feb.    Mar.    Apr.    May.   June.  July.   Aug.   Sept.    Oct.    Nov.    Dec.    Year 


Balboa: 

1915 

1916 

Average,  17  years 
Balboa  Heights: 

1915 .' 

1916 

Average,  18  years 
Miraflores: 

1915 

1916 

Average,  7  years. 
Fedro  Miguel: 

1915 

1916 

Average,  8  years. 
Rio  Grande: 

1915 

1916 

Average,  11  years 
Culebra: 

1915 

1916 

Average,  25  years 
Caniacho: 

1915 

1916 

Average,  9  years. 
Empire: 

1915 

1916 

Average,  11  years 
Gamlioa: 

1915 

1916 

Average,  33  years 


2.23 
1.15 
1.11 

2.12 
1.41 
1.02 

1.67 
2.19 
1.85 

1.03 
1.71 
1.04 

.57 
.68 
1.32 

1.33 
1.30 
1.67 

.61 
1.42 
1.09 

.67 
1.07 
.78 

1.74 
2.16 
1.77 


?.73 
1.46 
.65 

2.96 
1 

.89 

1.1 
.  ,59 
1.47 

1.69 
.86 
.90 

2.81 
1.12 
.81 

3.63 

1.61 

.67 

3.  ■I,': 
1.36 
1.01 

3.53 
1.49 


2.7.' 
l..'>2 
.89 


0.00 
.43 

.68 


.67 

.07 
.20 
.52 

.22 
.41 
.30 

.19 

.83 
.28 

.09 
.56 
.63 


.62 
.48 

.24 
.84 
.35 

.02 

.89 
.76 


4.3' 
3.06 
3.92 

.5.37 
2.84 
2.87 

2.88 
8.27 
3.07 

2.39 
9.82 
3.07 

3.41 
5. 23 
3.05 

3.81 
5.66 
3.55 

4.  .52 
4.02 
3.18 

4.96 
4.05 
3.1 

7.09 
6.68 
3.51 


7.92 

12.64 

8.21 

6.42 
12.  .59 
8.67 

13.38 
11.10 
10.51 

10.24 
13.10 
11.23 

9.32 
11.22 

10.88 

7.28 
10.91 
11.11 

7.  .56 
10.  93 
11.79 

8.  .56 

9.  92 
10.02 

.5.10 
12. 25 
10.85 


2.37 
3.95 

7.58 

2.85 
4.30 
7.81 


5.46 
5.62 
9.13 

7.69 
6.42 
9.95 

8.01 
8.67 
9.15 

10.03 
7.56 

8.88 

6.06 
7.12 
9.65 


7.11 
7.03 
8.49 


9.01 

8.44 
9.86 


8.11 
6.93 


7.72 
8.14 


7.88 
8.59 


8.51 
10.24 


10.01 
12.99 


9.33 
12.06 


9.58 
12.1 


8.78 
8.03 

iai2 


13.09 


7.69 
15.24 


3.59 


7.89 
11.35 

'  'a  58 

10.41 
'8.48 
10.04 


9.96 
10.  48 

8.70 
10. '66 

9.92 

'9.  si 

4.  ,51 

ii.'97 


10.29 


9.49 
10.49 


10.53 
17.29 


12.58 
16.38 


12.24 
17.49 


12.50 
14.78 


11.33 
17.64 


13.43 
16.36 


48i  13.19 
91  1.5.93 
48  "12.' 68 


7.64 
'9."  19 

7.05 


10.27 
8.43 


11.19 
7.92 


10.49 
8.02 


10.  .52 
12.27 


12.10 
11.93 


12.52 
10.60 


10.79 
8.37 
12.06 


4.48 

'5.'84 
3.60 

"4.46 
.5. 13 

'7.22 
3.62 

"6.'i2 
6.14 
5.  55 
5.14 

"7/24 
4.  ,51 
5.84 
4.67 

's.'ii 

7.00 
'<i.'79 


65.37 
69.26 
66.72 
70.32 
81.09 
83.37 
76.96 
80.' 78 
84.75 
84.'55 
90.52 
87."68 
88.62 
'  89.' 6i 
87.00 
'79.' 81 
79.46 
9i.'74 
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Table  No.  1. — Monthly  rainfall  on  Isthmus  of  Panama,  1915-16,  and  stalioii  averages — 

Continued. 

[Value  in  inches.] 


Stations. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Juan  Mina: 

191.5               

1.06 
1.46 

.54 

.86 

.66 

1.12 

.39 
.22 
.90 

3.63 
1.32 
2.24 

2.46 
2.03 
3.01 

2.54 

.75 

3.12 

1.80 
1.05 
3.52 

2.96 
1.50 
3.41 

3.41 
2.33 
3.95 

3.43 
2.56 
1.41 

2.53 
1.34 

.83 

2.34 
1.33 
2.12 

5.66 
3.48 
3.26 

8.88 
2.81 
3.26 

6.57 
2.60 
4.05 

13.17 
2.13 
3.31 

14.32 
3.62 
3.70 

12.37 
1.96 
1.72 

.20 

.88 
.17 

.04 
.37 
.55 

.06 
.42 
.53 

.69 

2.01 

.37 

1.15 

2.77 
2.35 

.76 
2.66 
2.67 

.90 
3.25 
2.-38 

.96 
2.75 

2.48 

1.71 
2.68 
1.63 

7.74 
8.12 
2.54 

8.94 
.5.84 
3.32 

6.77 
8.17 
2.60 

11.56 
3.55 
4.54 

9.27 
4.93 
5.12 

12.19 
4.73 
5.57 

15.90 
4.72 
5.18 

12.17 
4.99 
4.86 

10.42 
6.25 
4.19 

6.  91 
9.46 

11.05 

8.20 
12.40 
11.97 

10.88 
12.41 
11.59 

10.71 

8.45 

14.10 

8.51 
12.09 
13.78 

11.17 
8.41 
13.  82 

10.24 
11.32 

14.87 

6.41 
14.23 
13.05 

7.  75 
9.38 

12.66 

15. 14 
6.91 
11.82 

8.09 
14.00 
12.46 

12.48 
13.53 

13.  50 

9.39 

9.02 

19.23 

12.49 

7.42 

105. 53 

1916 

Average,  5  years 
Alhajuela: 

1915 

9.73 
15.  71 

11.18 
10.39 

11.43 
9.60 

14.10 
16.61 

12.45 
11.93 

5.20 
5.87 

91.62 

98  77 

1916 

Average,  16  years. 
Vigia: 
1915 

12.65 
17.74 

12.75 
12.16 

11.64 
10.37 

13.84 
18.50 

14.44 
12.42 

6.40 
3.44 

101.97 
107.55 

1916 

Average,  7  years. 
Frijoles: 

1915 

13.74 

10.  54 
8.02 
11.39 

13.01 
7.50 
11.16 

10.40 
11.81 
12.87 

12.66 
10.60 
13. 23 

16.  4S 
13. 21 
15. 54 

16.01 

14.28 
13.44 

12.04 
20.10 

12.74 
7.62 

12.48 
9.84 

16.23 
16.19 

15.29 
19.67 

'  '5." 32  105.' 58 
6. 68  122. 89 

1916 

Average,  4  years. 
Trinidad: 

1915 

10.14 
13. 61 

11.42 

8.38 

10.98 
10.14 

17.22 
11.41 

15.55 
11.65 

6.  (X>  107. 21 

8. 42  106. 89 

1 

1916 

Average,  8  years. 
Monte  Lirio: 

1915 

9.00 
15.73 

10.39 
12.47 

12.18 

14.87 

14.50 
17.78 

18.33 
24.27 

9.28 
10.16 

112. 36 
138  91 

1916 

Average,  8  vears. 
Gatun: 
1915 

12.33 
18.21 

11.93 
12.31 

13.12 
16.12 

16.73 
19.65 

21.99 

18.28 

9.88 
7.23 

128. 08 
146.37 

1916 

Average,  11  years 
Brazos  Brook: 

1915 

11.98 
21.24 

14.46 
11.48 

10.43 
14.51 

16.53 
18.32 

20.54 
18.96 

11.54 

8.84 

127. 97 
146  65 

1916 

Average,  9  years. 
Colon: 

1915 

16.12 
20.72 

14.59 
12.89 

12.07 
13.85 

16.48 
21.86 

22.97 
22.33 

12.58 
9.45 

137.85 
152  77 

1916 

Average,  45  years 

16.32 

15.05 

12.55 

14.72 

21.68 

12.04 

129.95 

Note.— Station  averages  do  not  include  records  for  the  year  1916. 

Table  No.  2.— Maximum  rainfall  in  Canal  Zone,  Oct.  1,  1905.  to  June  30,  1916. 

[Value  in  inches.] 


Maximum  rainfall. 

Stations. 

5  minutes. 

1  hour. 

24  hours.' 

Inches. 

Date. 

Inches. 

Date. 

Inches. 

Date. 

Ball  oa  (June  10, 1906) .... 

0.90 
.64 
.45 
.60 
.75 
.64 
.60 
.59 
.60 
.54 

.62 

.64 

7  2.48 

.67 

May   12,1912 
Aug,    7, 1908 
Jan.     5, 1915 
Nov.  11, 1908 
July    24,1908 
May     2, 1908 
July    25,1906 
Julv    27,1908 
July    20,1909 
July    23,1915 
/Aug.     3,1912 
\Aug.  12,1914 
Aug.   2.5,1909 
Nov.  29,1911 
June  16,1909 

5.86 
3.98 
2.37 
3.30 
3.10 
3.69 
3.63 
3.32 
4.19 
2.81 

4.90 
4.53 
4.51 

June     2, 1906 
Oct.     9,1911 
Oct.     9, 1915 
Aug.  27,1908 
Sept.  21,1912 
Oct.    16,1907 
Oct.      1,1909 
May   11,1911 
July     8, 1915 
July   21,1915 

Aug.   12,1914 

Oct.     8, 1909 
Nov.  29,1911 
Aug.     7, 1908 

7.57 
7.23 
4.70 
4.64 
6.00 
5.55 
6.15 
6.56 
8.19 
6.73 

10.48 

8.53 
10.86 

8.85 

Nov  16  17  1906 

Balt'oa  Heights  (Oct.  1, 1905)2. 

Miraflores  (June  19, 1914) 

Pedro  Miguel  (Jan.  1, 1908).... 
Rio  Grande  (Dec.  29,  1905).. 
Culebra  (Julv  1,  1906)< 

May  12-13, 1912. 
Nov.  11,  1912.3- 
Mav  25-26,  1914. 
Dec.  2-3, 1906. 
Dec.  3    1906.^ 

Empire  (July  18,  1906) 

Garni  .oa  (Nov.  18.  1905) 

Alhajuela  (Mar.  31,  1907) 

Frijoles  (June  26,  1913) 

Gatun  (Aug.  24, 1907) 

Do.5 
Dec.  2-3, 1906. 

Do. 6 
Apr.  3-4, 1915. 

Dec  3  1906  5 

Colon  (Oct.  1,  1905) 

Dec.  2-3  1906. 

Porto  Bello  (May  1,  1908)6 

Bohio(Oct.  1, 1905)8 

Dec.  2a-29,  1909. 
Aug.  7-8,  1908. 

1  Maximum  fall  in  anv  24  consecutive  hours. 

2  Formerly  Ancon.     Station  moved  to  Balboa  Heights  Oct.  1, 1914. 

3  From  standard  gauge  reading. 

<  Automatic  gauge  discontinued  Jime  28,  1915. 

6  No  automatic  record  on  this  date,  total  for  24  hours  ending  at  noon. 

«  Automatic  gauge  discontinued  May  9,  1914— station  closed  Aug.  31,  1914. 

'  Approximate:  Automatic  record  indistinct,  due  to  unusually  e.xcessive  rate  of  fall. 

8  Station  closed  January,  1912. 

Note. — Dates  in  parenthesis  opposite  station  names  refer  to  installation  of  automatic  register. 
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Table  No.  3. — Monthly  vieteorological  data,  year  1915,  Balboa  Heights,  Canal  Zone} 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November. . . 
December. . . 


Year 29.711 


Atmospheric 

pressure 
(inches). 


29.  706 
29.  716 
29.  720 
29.  724 
29.  CS3 
29. 69S 
29.  714 
29.  708 
29.  704 
29.  706 
29.  730 
29.  727 


29. 828 
29.  838 
29.  842 
29.  846 
29.  804 
29.  819 
29.  836 
29.  828 
29.  825 
29. 828 
29.  852 
29. 849 


29. 833 


Air  temperature  (°F.). 


81.5 
81.3 
83.0 
80.5 
81.2 
81.0 
79.8 
80.4 
80.2 
79.1 
78.8 
80.1 


80.6 


93 


89.4 
89.0 
90.7 
87.0 
87.1 
86.6 
85.4 
86.4 
86.1 
84.2 
84.4 
87.1 


11     87. 0 


«31 


73.6 
73.6 
75.3 
74.0 
75.4 
75.5 
74.3 
74.5 
74.4 
74.0 
73.1 
73.1 


74.2 


74.6 


89.2 


Month. 


January . . . 
February. . 

March 

April 

May 

Jimc 

July 

August 

September. 
October. . . 
November. 
December. 

Year 


Precipitation 
(inches). 


2.12 
2.96 
T. 
5.37 

6.42 
2.83 
6.  93 

15.  24 
3.69 

10.49 
7.05 
3. 60 


66.72 


1.02 
0.89 
0.67 

2.87 
8.67 
7.81 
7.72 
7.89 
7.58 
10.  53 
10.27 
4.40 


70.32    187 


Wind. 


a  a 


4,024 
5,921 
7,086 
6,724 
5,096 
4,617 
4,375 
4.576 
4,841 
4.695 
3,966 
5,328 


64,249 


Maximum 
velocity. 


N. 

N. 

N. 

N. 

N. 
NW. 
NW. 
NW. 

N. 
NW. 
NW. 
NW. 


N. 


N. 
N. 

N. 

N. 

SW. 

s. 

NW. 

NK. 
SW. 
NW. 
NK. 
NW. 


47       SW.     '26 


Number  of 
days. 


14    131   220   100 


4.3 
6.1 
6.3 
7.0 

6.9 
8.3 
9.2 
8.9 
8.4 
9.4 
9.1 
7.6 


1  Station  formerly  Aneon;  moved  to  Balboa  Heights  Oct.  1,  1914. 

2  Elevation  of  barometer  118  feet  above  sea  level. 
8  April. 

*  January. 

6  Average  for  18  years'  record. 

«  Tenths  of  skv. 

»  May. 
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Table  No.  4. —  Monthly  meteorological  data,  year  1915,  Colon,  Republic  of  Panama. 


Month. 


January . . . 
February.. 

March 

April 

May.., 

June 

July 

August 

September. 

October 

November. 
December . . 


Atmospheric 
press  ui'e 
(inches). 


29.816 
29.  824 
29.  834 
29.  829 
29.  780 
29.794 
29.  803 
29.  807 
29.  800 
29.  800 
29.  828 
29.  834 


29.842 
29.  850 
29.  860 
29.  85.5 
29.  806 
29.820 
29.  829 
29.  833 
29.826 
29.  826 
29.  854 
29.860 


Year 29.812     29. 


.\ir  temperature  (°F.). 


81.8 
81.4 
82.6 
81.5 
.82.0 
81.2 
80.2 
80.6 
81.4 
80.8 
80.4 
80.8 


81.2 


87 


17 

5 

26 

6 

16 

20 

14 

27 

26 

3 

21 

2  27 


85.5 
85.3 
86.0 
85.5 
86.1 
85.5 
84.1 
84.4 
86.5 
86.2 
85.7 
85.3 


85.5 


72      MO     76.9 


78.0 
77.4 
79.2 
77.5 
77.9 
77.0 
76.2 
76.8 
76.2 
75.5 
75.2 
76.4 


15     77. 2 


76.1 


84 
85 
36 
85 
88 
89 
92 
94 
90 
90 
90 
86 


Month. 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November. 
December . 

Year 


Precipitation 
(inches). 


3.41 
12.37 

1.71 
10.42 

7.75 
16.01 
20.72 
12.  89 
13.85 
21.  86 
22.33 

9.45 


152.  77 


3.95 

1.72 

1.63 

4.19 

12.66 

13.44 

16.32 

15.  05 

12.55 

14.72 

21.68 

12.04 


129.95   253 


Wmd. 


9,494 
10,278 
10.492 
9,477 
6,404 
5,205 
5,590 
5,551 
5,447 
5.436 
5,354 
8,382 


87,110 


N. 

N. 

N. 

N. 
SE. 
SE. 

W. 

W. 
SE. 
SE. 
SE. 

N. 


Maximum 
velocity. 


NE. 

N. 
NE. 

N. 
SW. 

S. 

w. 
w. 

s. 

SW. 

NE. 
NE. 


N. 


Number  of 
days. 


53    143   169   133 


4.4 
4.6 
5.5 
5.4 
7.3 
7.9 
9.3 
7.9 
7.0 
7.9 
7.9 
5.6 

6.7 


1  Elevation  of  barometer  25  feet  above  sea  level. 

2  September. 

3  February. 

*  Average  for  45  years  of  record. 
6  .iVpril. 

*  Tenths  of  sky. 
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T.\BLE  No.  5. — Monthly  evaporation,  Canal  Zow,  years  1915  and  1916. 
[Value  in  inches.] 


Month. 


January . . . 
February.. 

March 

April 

,May 

June 

July 

August 

September . 
October . . . 
November. 
December . 


Balboa  Heights. 


1915 


Year 55.911 


7.588 
6.149 
8.742 
6.044 
3.986 
3.700 
2.701 
3. 288 
3.458 
2.725 
2.826 
4.644 


6.516 
6.828 
7.030 
5.142 
3.183 
2.448 


Average 

(8 
years). 


5.611 
5.940 
7.183 
5.350 
3.479 
3.024 
3.256 
3.233 
3.231 
3.352 
2.957 
4.221 


50. 421 


Gatun. 


6.398 
5.  430 
6.698 
5.781 
5.361 
5.040 
4.107 
4.354 
4.315 
3.623 
3.564 
4.056 


59. 932 


6.280 
5.985 
6.424 
6.391 
5.  290 
4.430 


Average 

(5 
years). 


6.028 
6.130 
7.375 
6.717 
5.171 
4.149 
4.548 
4.466 
4.341 
4.086 
3.467 
4.843 


62.637 


Colon. 


1915 


'  Average 

1916  j     ah 

i    years). 


6.770 

6.840 

5. 889 

6.080 

6.322 

6.280 

5.  340 

5.185 

5. 136 

3.781 

3.911 

3.734 

2.332 

3.203 

3.022 

3.034 

2.095 

4.572 

6.111 
6.047 
7.055 
6.028 
3.870 
3.152 
3.034 
3.197 
3.240 
3.353 
2.939 
4.234 


52. 226 


51.015 


1  Formerly  Ancon.    Station  moved  to  Balboa  Heights  Oct.  1,  1914. 

Note. — Insulated  tanks  10  inches  in  diameter  at  Balboa  Heights  and  Colon.  Water  svnface  protected 
from  action  of  sun  and  rain.  Exposed  pan  4  feet  in  diameter  and  10  inches  deep  floating  in  water  at  Gatun. 
For  monthly  evaporation  dm-ing  past  years,  see  previous  annual  reports. 


Table  No.  6. —  Tidal  conditions,  year  1915. 

[Elevations  in  feet  referred  to  mean  sea  level.] 
PACIFIC  COAST— BALBOA,  CANAL  ZONE. 


Month. 

Maxi- 
miun 
high. 

Date. 

Extreme 
low. 

Date. 

Maxi- 
mum 
ampli- 
tude.! 

Date. 

Mini- 
mum 
ampli- 
tude.i 

Date. 

January 

8.5 
8.5 
9.4 
10.2 
9.6 
9.1 
8.7 
9.0 
9.3 
9.9 
9.7 
9.2 

18 

3 

4 

2 

1 

28 

28  and  29 

27 

25 

10  and  11 

9 

8  and  9 

-8.8 
-8.9 
-9.2 
-9.8 
-9.6 
-8.5 
-8.8 
-8.4 
-8.6 
-8.9 
-9.2 
-9.3 

17 

15 

31 

30 

1 

28 

27 

25 

13 

11 

9 

9 

17.2 
16.9 
18.4 
19.6 
19.2 
17.6 
17.5 
17.2 
17.4 
18.8 
18.9 
18.5 

17 

15 

5 

2 

1 

28 

28 

26 

12 

11 

9 

9 

5.6 
4.9 
5.4 
6.6 
8.4 
8.3 
7.0 
6.5 
5.3 
5.8 
6.2 
7.7 

25 

24 

March 

25 

April 

23 

22 

June             

7 

July 

7 

7 

September 

4 

3 

November 

1 

December 

1 

Year 

10.2 

Apr.     2 

-9.8 

Apr.  30 

19.6 

Apr.     2 

4.9 

Feb.    24 

ATLANTIC  COAST— COLON,  REPUBLIC  OF  PANAMA. 


January 

1..52 
1.68 
1.20 
1.52 
l.Zi 
1.42 
1.38 
1.25 
1.32 
1.26 
1.29 
1.47 

16 
11 
27 
7 
29 
26 
23  and  24 
20 

18 

14 

7  and  8 

7 

-0.38 

-  .24 

-  .54 

-  .4S 

-  .72 

-  .76 

-  .51 

-  .44 

-  .40 

-  .47 

-  .50 

-  .53 

28 

3  and  8 

9 

29 

2  and  31 

1 

10 

16  and  19 

2 

14 

9 

23 

1.73 
1.59 
1.61 
1.66 
1.91 
1.84 
1.80 
1.60 
1.48 
1.73 
1.71 
1.75 

13 

8  and  9 

9 

4 

29 
28 
24 
20 
18 
14 
8 
7 

0.21 
.20 
.21 
.22 
.21 
.20 
.21 
.21 
.24 
.23 
.20 
.23 

9 

4 

March 

24 
26 

May 

26 

June 

21 

July 

16 

August 

4 

September 

13  and  24 

6  and  20 

29 

December 

13 

Year 

1.68 

Feb.   11 

-   .76 

June     1 

1.91 

May    29 

.20 

Feb.    42 

•  For  consecutive  tides. 
Note.— One  tidal  fluctuation  is  often  entirely  absent  at  Colon. 


-  And  other  dates. 
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Table  No.  7 .—Seismograph  records,  Balboa  Udghts,  Canal  Zone,  year  ended  June  30, 

[hat.  S°  58'  N.;  Long.  79°  33'  W.] 
(100  K  Bosch-Omori  seismograjths,  Greenwich  mean  time,  midnight  to  midnight .) 


"treZ^^'^Long, 


Time  of  beginning. 


Time  of- 


Maximum. 


10    57    45 

10    57    56 

21    35    00 

21    35    00 

2fi    58 

26    59 

14    46 

14    46 

10    06 

10    06 

7    55    10 

7    55    04 

19    40    00 

19    40    00 

2    25    40 

2    25    40 

19    13    06 

19    12    51 

19    34    55 

19  34    26 

20  23  58 
20  23  28 
20  27  00 
20    26    30 

0    14    58 

0  14  36 
4  17  50 
4     17    24 

19  04  43 
19  04  24 
23  20  12 
23  19  44 
23  23  36 
23  23  10 
4  50  33 
4  50  20 

1  24  26 
1  24  11 

21  10  50 
21  11  00 
14  19  31 
14  19  31 
19  22  36  , 
of  movement 
23  21  17 
23  21  17 
23  49  00 
23  48  53 
6  46  50 
6    46    55 


10  57  52 
10  58  OS 
21  36  00 
21  35  35 
1  27  52 
1  23  33 
6    15    00 

6  14    50 
1    10    11 

1  10     10 

7  55    14 
7    55    04 

19    36    OS 
19    36    10 

2  25    45 
2    25    44 

Pens  off. 

Pens  off. 

19    34    58 

19  34    31 

20  24    04 
20    23    30 
20    27    10  : 
20    26    38  I 

0    15    04 

0  14    39  ! 
4     17    52 

4  17  28  i 
19  04  49 
19  04  26  ' 
23  20  18  I 
23  19  46 
23  23  40 
23  23  14 
4  50  44 
4  51  00  : 

1  24  34  , 

1  24  17  ; 

21  11  10 

21  08  30  : 

14  19  45 

14  19  .34 

19  22  38  1 
lost — clock  s 

2:3  21  41  I 

23  21  35 

23  50  07 

23  49  25  I 

6  47  00 

6  47  15 


End. 


11  01  .50 
11  01  45 
21  36  25 
21  36  25 
2  24  18 
2  23  16 
6  16  30 

6  16  30 

1  11  38 
I  1  11  20 
I  7  56  40 

7  56  35 
19  51  40 
19  56  25 

2  29  55 
I  2  28  34 

19  31  05 

19  29  36 

I  19  36  30 

19  35  50 
(?) 

(?) 

20  34  51 
20  32  15 

0  16  27 

0  16  34 
4  22  28 

4  20  20 
19  07  15 
19  06  30 
23  21  45 
23  21  16 
23  24  30 
23  24  20 

5  02  40 

5  01  40 

1  26  30 
1  26  00 

21  28  45 
21  22  30 
14  26  00 
14  26  00 
19  28  00 
topped. 

(?) 

(?) 
0    06    20 
0    03    40 

6  55  20 
6    54     10 


Ma.xi- 
miun  am- 
plitude, 

milli- 
meters. 


1.5 
1.2 
.3 
.2 
31.5 
23.0 
.2 
.2 
.8 
.5 
3.0 
2.0 
1.0 
1.0 
1.5 
1.0 
+58. 0 
+  55.0 
1.0 
.5 
10.0 
12.5 
3.0 
4.0 
.5 
.8 
1.5 
2.0 
1.2 
2.0 
1.0 
1.0 
.2 
.2 
16.0 
9.0 
2.0 
1.5 
1.0 
.6 
7.5 
11.0 
8.0 
14.0 
.2 
.2 
1.0 


Approximate  dis- 

tance of  epicenter. 

Miles 

Probable 

direction. 

204 

SW. 

240 

SW. 

385 

(?) 

3>i5 
728 

(?) 

NW. 

755 

NW. 

186 

SW. 

186 

SW. 

150 

(?) 
(?) 

150 

105 

SW. 

105 

SW. 

832 

(?) 

832 

(?) 

150 

SW. 

150 

SW. 

118 

s^\. 

118 

SW. 

123 

SW. 

123 

SW. 

123 

SW. 

123 

SW. 

123 

SW. 

(?) 

SW. 

114 

SW. 

114 

SW. 

204 

SW. 

204 

SW. 

132 

SW. 

132 

SW. 

132 

SW. 

132 

sw: 

132 

SW. 

132 

SW. 

222 

SW. 

222 

SW. 

141 

SW. 

141 

SW. 

1,016 

NW. 

1, 030 

NW. 

141 

SW. 

141 

SW. 

132 

SW. 

(?) 
(?) 

950 
950 
400 
400 


U  N.-S. 
It  E.-W. 


Feb.  8... 


(?) 

40  49 

40  44 

29  12 

29  18 

48  35 

48  35 

05  36 

05  30 

04  13 

04  20 

55  39 

55  46 

10  46 


At  work  on  instrument  at  time  of  disturbance. 


IS    20 
18 


10 
41 

15 
17 
19 
19 
26 
19  30 
(?) 
(?) 

56  03 
56  09 
11    01 


14  24 
9  34 
9  34 

12  30 

12  .31 

19  49 

19  49 

18  23 

18  21 

(?) 

(?) 

15  56    08 

15  56    14 

16  11    25 


15    02    40 
10    32    00 

(?) 
12  35 
12  35 
19  51 
19  52 
18    44 

41 

(?) 

(?) 

09    05 

09    42 

(?) 


18 


2.5 

3.0 

.8 

.5 

1.5 

.5 

.1 

.1 

+  106.0 

+  103.0 

.2 


(?) 

4,500 

(!?) 

300 

300 

220 

220 

3,000 

3,000 

(?) 
130 
130 
130 


= .,    .  Adjusting  instrument— pen  thrown  olT  by  previous  shock 
H    i^     ^i    55    11  1  17    58    28  I  18    04     40  I  2.0  I        130 


57    32  I  17 


56  I  17    57    59  |  18    05    42 


6.0 


130 


(?) 
(?) 

NW. 

NW. 

NW. 

NW. 


(? 

(?) 

(?) 

(?) 

(?) 

(? 

(?) 

(?) 

ill 

SW. 
SW. 

SW. 
S"W. 
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Table  No.  7. — Seismograph  records,  Balboa  Heights,  Canal  Zone,  year  ended  June  SO, 

i97  6— Continued. 

[Lat.  8°  58'  N.;  Long.  79°  33'  W.] 


Date. 


lyiG. 
Feb. 8.... 
Feb. 9.... 
Feb. 9.... 
Feb. 27... 

Mar.  1 

Mar.  21 . . . 
Mar.  27... 
Mar.  20... 
Apr.  12... 
Apr.  18... 
Apr.  24... 
Apr.  24... 
Apr.  26... 
Apr.  26... 
Apr.  26... 
Apr.  26... 
Apr.  26... 

May  3 

May  10 

May  13. . . . 

May  14 

June  19... 
June  21 . . . 
Jime  27... 
June  30. . . 


Compo- 
nent. 


N.-S. 

E.-^y. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 

N.-S. 

E.-W. 


Time  of  beginning. 


Preliminarv 

tremors. 

18 

13 

00 

18 

13 

00 

2 

4.'i 

12 

2 

45 

04 

10 

33 

00 

10 

33 

00 

20 

23 

15 

20 

23 

16 

19 

50 

16 

19 

50 

22 

19 

56 

56 

19 

56 

58 

13 

43 

38 

Long  waves. 


10    08  56 

10    09  00 

18    45  23 

18    45  23 
(?) 
(?) 

4    30  00 

4    30  00 


(?) 

(?) 

2    45  40 

2    45  39 

(?) 

(?) 

20    24  58 

20    25  04 

(?) 

(?) 

19    57  44 

19    57  44 

13    43  40 

10    09  05 

10    09  09 

18    46  52 

18    46  52 

4      4  10 

4      4  14 

32  28 

32  28 


Time  of- 


Maximum. 


(?) 

(?) 

2    45    44 

2    45    42 

(?) 

(?) 

Pens  oS. 

Pens  off. 

(?) 

(?) 

19    57    50 

19    57    56 

13    43     46 

No  record- 

10    09    06 

10    09    10 

18    47    07 

00 


End. 


18    47 
4 
4 


24    30 
24    26 


32    50 
32    53 


8    02  30 

2    22  36 

22  36 

41  25 

41  25 

26  43 

26  43 

17  20 

17  20 

12    41  56 

12    41  56 


Pen  thrown  ofl  of  recording  drum. 


(?) 

(?) 

2  49  07 

2  49  16 

(?) 

(?) 

21  30  00 

21  06  00 

19  57  00 

19  56  00 

19  59  58 

19  59  46 

13  44  14 
clock  stopped 

10  11  28 

10  10  50 

18  49  56 

18  49  56 

(?) 

(?) 

38  20 

38  20 


Ma.xi- 
mum  am- 
plitude, 
milli- 
meters. 


Trace. 

Trace. 

.2 

2.0 

Trace. 

Trace. 

H-44.0 

-f58.0 
.5 
.5 
.3 
.4 
1.8 


Approximate  dis- 
tance of  epicenter. 


Miles 


(?) 

(?) 
130 
130 

(?) 

(?) 
537 
537 

(?) 

(?) 
247 
247 
32 


Probable 
direction. 


(?) 

(?) 

SW. 

sw. 
(?) 
(? 

NE. 
NE. 

(?) 
(? 


04  10 

23  24 

23  28 

42  25 

42  25 

27  51 

27  47 

18  44 

18  48 

12  42  56 

12  43  00 


04  30 
0) 
0) 

42  40 

42  57 

28  25 

28  12 

19  28 

20  44 
12  43  35 
12  43  50 


36  00 

50  04 

44  00 
46  00 

45  50 
40  20 
40  00 
35  00 
34  10 

12    51  55 

12    51  55 


21.8 

64 

16.0 

64 

.8 

425 

.5 

425 

3.0 

(?) 

.5 

(?) 

2.0 

600 

1.8 

600 

+88.0 

475 

56.0 

475 

-f72.0 

249 

4-75.0 

249 

.8 

294 

.5 

294 

6.0 

322 

3.5 

322 

17.0 

412 

16.0 

412 

4.0 

304 

3.0 

304 

SW. 

sw. 
sw. 

NW. 
NW. 

(?) 

NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 


No  record — clock  stopped — earthquake  and  blast  record  combined. 


17  20  55 

21  37  20 

21  37  17 

7  38  35 

7  38  35 

0  07  50 

0  07  55 

1  18  48 


21  38  52 


17  21  55 

21  38  06 

21  38  05 

7  39  11 

7  39  11 

0  08  54 

0  09  00 

1  23  28 


17  22  00 

(1) 

(') 

7  39  20 

7  39  19 

0  09  10 

0  09  20 

1  24  12 


17  26  30 

22  00  00 

21  54  45 

7  42  10 

7  40  30 

0  17  30 

0  17  25 

1  38  30 


Very  slight  record — too  small  to  measure 


21     44     12  I  21    44    17  |  21    58    66 


Very  slight  record— too  small  to  measure. 


18  56  36 

18  56  36 

3  01  48 

3  01  48 


18  58  04 

18  58  04 

3  04  16 

3  04  00 


18    58  04 

(?) 

3    04  38 

3    05  32 


19  03  00 

19  00  18 

3  23  26 

3  23  12 


1.2 

300 

+87.0 

240 

+85.0 

240 

.6 

185 

Trace. 

185 

2.4 

315 

1.5 

315 

3.0 

960 

Trace. 

(?) 

2.0 

1,100 

Trace. 

(?) 

2.0 

420 

.5 

420 

6.0 

C(X) 

5.0 

600 

NW. 
NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

N. 

N. 

N. 

N. 

NW. 

NW. 

NW.? 

NW.? 


1  Pen  off. 

Note.— Period  of  pendulum,  20  seconds;  magnification,  35;  damping  medium.  The  amplitude  indl- 
cate.s  the  maximum  displaccnient  of  the  pen.  L;iska'.s  formula  used  in  computing  (ii.stanccs  of  remote 
earthquakes  (620  miles  or  more)  and  Omori's  formula  for  earthquakes  less  than  620  miles  distant. 


HYDROGRAPHY. 

The  hydrographic  features  of  the  year  were  mostly  of  an  operative  character.  The 
drainage  on  the  lake  for  operative  purposes  during  the  year  verified  the  predictions 
made  from  water-supply  studies  and  also  the  adequacy  of  the  spillways  for  controlling 
freshets. 

Gatun  Lake  watershed  practically  yielded  a  normal  amount  of  water  during  the 
dry-season  months  of  1916,  January  to  April,  inclusive.  The  total  yield  was  2  per 
cent  in  excess  of  the  average  6-year  period  1911  to  1916  (the  period  since  the  formation 
of  Gatun  Lake),  or  2,200  cubic  feet  per  second,  against  an  estimated  jield  of  2,160 
cubic  feet  per  second. 
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In  Januaiy,  1916,  it  was  necessary  to  waste  slightly  over  2,000,000,000  cubic  feet 
of  water,  but  after  January  the  inflow  was  exceeded  by  water  usage  and  evaporation. 
The  lake  was  lowered,  from  January  1  to  May  1,  0.42  of  a  foot,  with  a  loss  of  1 .95  billion 
cubic  feet  of  storage.  It  is  seen,  therefore,  that  the  yield  was  slightly  over  the  dry- 
season  needs  if  no  water  had  been  Wiisted  by  spilling.  The  numL»er  of  lockages  was 
low,  owing  to  the  canal  being  closed  to  commercial  shipping  ui>  to  April  15,  1916. 

The  2,000,000,000  cubic  feet  which  were  spilled  after  all  the  regular  demands  for 
water  had  been  met  would  have  been  sufiicient  to  provide  for  approximately  330 
lockages  above  those  which  actually  were  made  during  the  period. 

In  1916  the  run-off  from  the  section  of  Gatun  Lake  watershed  above  Alhajuela  was 
28  per  cent  below  its  average  yield,  or  1,002  cubic  feet  per  second,  against  a  15-year 
dry-season  normal  of  1,387  cubic  feet  per  second. 

Tables  8  and  9  give  the  hydrology  of  Gatun  Lake  watershed  for  the  year  1915  and 
the  dry  season  of  1916.  Likewise,  Tables  Nos.  10  and  11  cover  Mirafiores  Lake  water- 
shed. Table  No.  17  gives  the  monthly  Gatun  Lake,  Mirafiores  Lake,  and  Chagres 
River  heights  for  the  year  1915.  Table  No.  14  gives  the  1915  run-off  data  for  the 
Chagrea  River  above  Alhajuela,  and  Table  No.  15  gives  like  data  for  Gatun  Lake 
watershed. 

Plate  No.  78  gives  a  graphical  chart  of  the  disposal  of  the  total  yield  of  Gatun  Lake 
watershed  for  1915  and  dry  season  of  1916.  Table  No.  18  shows  the  relative  disposi- 
tion of  the  operative  water  losses  during  1915.  There  were  lockages  as  follows  in 
1915  and  1916: 


Calendar 
year 
1915. 

Dry 

season 
1916. 

Gatixn 

1,310 
1,305 
1,319 

158 

Pedro  Mieuel 

220 

Mirafiores 

163 

Plate  No.  80  shows  the  total  yield,  net  yield,  useful  outflow,  storage,  yield  from 
rainfall  on  the  lake,  and  evaporation,  massed,  for  the  Gatun  Lake  watershed  for  the 
year  1915  and  dry  season  of  1916.  The  net  yield  for  1915  was  122  per  cent  of  the 
capacity  of  the  lake  at  elevation  -|-85,  i.  e.,  after  allowing  for  evaporation  the  yearly 
inflow  would  have  filled  the  lake  over  1^  times  to  the  operative  leA'el  of  -f  85.  The 
following  is  the  relative  proportions  of  various  sources  of  inflow  and  the  uses  put  to 
the  water  produced  in  1915: 

Per  cent. 

Total  yield 100 

Net  ^4eld. 91 

Land-area  yield 81 

Spillway  waste 76 

Yield  from  rain  on  lake  surface 19 

Operative  or  useful  losses 15 

Evaporation  on  lake 9 

There  were  no  large  freshets  during  the  year  1915,  although  the  yield  of  the  water- 
shed was  the  largest  in  the  1911-15  period — the  time  Gatun  Lake  has  been  an  actual 
body  of  water.  Data  on  the  principal  freshets  are  given  in  Table  No.  16,  and  Plate 
No.  77.  Thirty-tliree  well-distributed  freshets  during  the  year  had  a  rise  of  over  5 
feet  at  Vigia  in  1915;  the  largest  two  were  those  of  October  31  and  November  15, 1915, 
with  maximum  discharges  of  27,950  and  38,000  c.  f.  s.,  respectively,  at  Alhajuela. 
Eight  freshets  in  the  Chagres  River  exceeded  20,000  c.  f .  s.  during  the  year.  The 
following  description  of  two  distinct  types  of  freshets  is  offered : 

The  freshet  of  November  15-16,  1915,  was  largely  a  Chagres  River  rise,  there  being 
practically  no  rainfall  in  the  Canal  Zone.  The  one  on  November  16-17,  1915,  on  the 
other  hand,  was  mostly  a  Canal  Zone  freshet,  most  of  the  rainfall  being  from  the 
Trinidad  River  basin. 

The  freshet  of  the  15th  and  16th  gave  the  highest  momentary  discharge  from  the 
Chagi-es  River  since  November  28,  1912.  There  was  a  maximum  discharge  at  Alha- 
juelaof  38,000c.  f.  s.,  and  12  and  IShom-  average  discharges  of  23,650  and  18,450  c.  f.  a., 
respectively,  covering  the  period  from  2.30  p.  m.  on  the  15th  to  8.30  a.  m.  on  the  16th. 

Plate  No.  77  corers  rainfall  and  hydrographs  of  the  principal  stations  for  both 
freshets.     It  is  noted  that  six  spillway  gates,  with  a  maximum  discharge  of  66,330 


196 


THE    PANAMA    CANAL. 


c.  f.  3.,  were  operated  from  5.45  p.  m.  to  10.15  p.  m.  on  the  15th,  and  five  gates,  with 
a  maximum  discharge  of  55,815  c.  f.  s.  were  needed  on  the  second  freshet  from  6  p.  m. 
to  9.30  p.  m.  on  the  16th.     The  following  are  the  data  on  the  two  freshets: 


Date. 

(I).  Alhajuela  dis- 
charge. 

(II).  Gatun  SpDlway 
discharge  +  addi- 
tional storage. 

Per  cent 

of (II) 
to  (I). 

Number  (I) 

would  have 

raised  lake 

from— 

Number  (II) 

would  have 

raised  lake 

from— 

Nov.  15-16... 
Nov.  16-17... 

1,195.56  million  cubic 

feet. 
447. 9S    million    cubic 
feet. 

2,731.15  million  cubic 

feet. 
1,830  00  million  cubic 
feet. 

228 
409 

85. 50  to  85. 76 

85.  50  to  85.  GO 

85. 50  to  86. 10 

85.  50  to  85.  90 

A  comparison  of  the  maximum  momentary  discharges  of  the  freshets  of  the  Chagres 
River  at  Alhajuela  since  1910  is  as  follows: 


Vigia 
Heights. 

Alha- 
juela 
Heights. 

Alhajuela 
maximum 
discharge. 

Rainfall,  inches. 

Date. 

Vigia. 

Alha- 
juela. 

Remarks. 

Dec.  3, 1910 

Feb.  12,1911 

Nov.  28, 1912 

Nov.  10, 1913 

Oct.  7, 1914 

Nov.  15-16, 1915. . . 

Feet. 
1.50. 9 
145.5 
150.0 

141.9 
140.9 
142.7 

Feet. 
lOS.  7 
105.  5 
108.4 

103.8 
103.1 
104.3 

C.f.s. 
60, 300 
43, 600 
54,  000 

34,000 
31,200 
38,000 

3.55 
l.is 
2.15 

2.41 
1..57 
1.00 

Maximum  of  4  crests  on  Nov.  26, 
27,  28,  and  29. 

3.35 
3.40 

2.12 
3.03 

Sixty -three  cm-rent  meter  measurements  were  made  in  the  Chagres  River  at  the 
Calle  Larga  gauging  station  aboA'e  Alhajuela  during  1915,  and  28  in  1916  up  to  July  1, 
covering  El.  -t-i]2.50  to  +96.3,  inclusive.  Eight  gaugings  were  made  in  1915,  and 
five  in  1916  at  Dos  Bocas  (the  forks  of  the  Chagres  and  La  Puente  where  it  joins  the 
Chagres),  covering  the  discharges  of  the  La  Puente,  the  Pequeni,  and  the  Chagres 
branches. 

Alhajuela  and  Vigia  have  been  continued  as  flood-warning  stations. 

Currents  in  lotver  approach  to  Mirafiores  Locks. — An  investigation  of  the  currents 
set  up  by  the  mixing  of  the  fresh  and  salt  water  during  the  operation  of  the  lock  gates 
on  the  west  side  of  the  lower  Mirafiores  Lock  guide  wall  was  made  in  September  and 
October,  1915. 

A  Richie-Haskell  direction-current  meter  was  used  in  collecting  the  data.  As 
the  name  implies,  the  instrument  determines  the  direction  and  velocity  of  a  current 
of  running  water,  recording  electrically  on  registers.  In  operation  the  meter  is  sus- 
pended from  a  boat  at  anchor  by  an  armored  cable,  the  core  of  which  is  made  up  of 
the  necessary  insulated  wires  forming  the  operating  circuits.  The  velocity  wheel 
is  of  the  propeller  type,  and  its  mass  is  so  concentrated  as  to  make  its  moment  of  inertia 
a  minimum.  The  make  and  break  of  the  circuit  for  transmitting  the  number  of 
revolutions  of  the  wheel  to  the  counting  register  in  the  boat  is  inside  the  meter.  In 
the  central  chamber  of  the  meter  is  a  compass,  its  needle  being  free  to  assume  the 
magnetic  meridian.  The  chamber  is  filled  with  oil,  and  an  expansion  bag  compen- 
sates for  changes  in  temperature  and  pressure  inside  and  outside  the  chamber.  By 
use  of  an  electric  current,  the  azimuth  of  the  water  current,  or  axis  of  the  meter, 
measured  from  the  north  point  of  the  magnetic  meridian,  is  transmitted  to  the  direc- 
tion register  in  the  boat.  The  conditions  under  which  the  investigation  was  con- 
ducted were  as  follows: 

Observations  were  taken  with  the  direction-velocity  cun-ent  meter  at  1,  10,  20,  30, 
and  40-foot  depths  below  the  water  surface.  The  meter  had  been  calibrated  just 
previous  to  the  commencement  of  the  investigation  and  was  in  good  working  order. 

A  head  of  20  feet  above  tide  level  was  on  in  the  lock  chamber  at  each  lockage  just 
before  the  side  wall  valves  were  opened.  After  the  equalization  of  the  water  the 
lower  lock  gates  were  opened  and  remained  eo  from  10  to  20  minutes,  when  the  lock 
gates  were  closed  and  tJie  chamber  refilled.     It  takes  about  three  minutes  to  close 
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the  lock  gates,  consequently  there  was  some  water  leaving  the  lock  chamber  for  13 
to  23  minutes.  The  longer  interval  of  time  was  used  for  the  sections  farthest  from 
the  lock  gates.  The  maximum  surface  velocities  usually  occurred  from  one  to  three 
minutes  before  it  was  developed  at  the  lower  depths.  This  is  more  pronounced  as 
the  distance  from  the  lock  gates  increases. 

Each  feather  on  the  ciurent  arrows  represents  the  nearest  three-tenths  foot  per 
Becond  velocity  actually  recorded  at  that  particular  place  and  time,  and  is  not  claimed 
to  be  a  constant  argument  in  the  investigation.  The  arrows  float  with  the  current. 
The  figures  below  the  arrows  refer  to  the  tide;  those  in  parentheses  refer  to  velocity 
in  feet  per  second. 

A  whirlpool  effect  was  observed  at  the  10  and  20  feet  depths  about  section  3  be- 
tween station  two  and  the  wing  wall. 

The  observations  taken  are  plotted  separately  on  the  five  planes,  in  addition  to 
which  a  time-velocity  cm^ve  covering  a  complete  lockage  cycle  from  just  previous 
to  the  opening  of  the  valves  until  the  gates  are  closed  is  shown  on  ciu-ve  A  of  plate 
No.  74.  This  data  covers  velocities  recorded  at  1  and  40  feet  depths.  A  simultaneous 
tide  trace  accompanies  this  cm-ve.  It  will  be  noted  that  the  tide  is  practically  sta- 
tionary during  the  69  minutes  consumed  in  this  specific  investigation,  which  was 
taken  50  feet  south  of  the  end  of  the  crib  protecting  the  center  wall. 

Observations  taken  on  section  3  at  station  one  at  vertical  intervals  of  1  foot,  begin- 
ning at  10  feet  below  the  surface  to  a  depth  of  30  feet  below  the  surface  are  shown 
with  the  tide  trace  taken  just  prior  to  the  lockage  on  curve  B,  plate  No.  74. 

Attention  is  especially  invited  to  the  fact  that  the  velocities  here  shown  from  the 
first  vertical  interval  (the  10-foot  depth)  to  the  eighteenth  interval  do  not  harmonize 
with  those  shown  on  planes  1  and  2  at  the  same  location,  which  were  taken  at  a  differ- 
ent time.  This,  however,  is  to  be  looked  for  in  water  flowing  under  the  known  condi- 
tions in  this  vicinity  (the  proximity  of  a  whirlpool),  as  noted  in  a  preceding  paragraph. 

The  surface- velocity  curves  taken  10  feet  in  front  of  the  lock  gates  in  May,  1915, 
one  on  a  rising  and  one  on  a  falling  tide,  are  reproduced  in  ciu*ve  C,  plate  No.  74. 

The  location  of  the  observations  shown  on  curves  A,  B,  and  C  are  shown  on  the 
graphic. 

The  figures  on  the  graphic  noted  as  A-A  is  the  result  of  special  observations  taken 
at  station  one  on  each  section  to  try  to  determine  the  location  of  the  so-called  "neutral 
plane"  and  are  representative  of  the  conditions  as  they  were  at  the  place  and  time 
the  observations  were  made  and  is  not  claimed  to  be  a  constant  argument,  but  subject 
to  slight  variations  based  upon  the  following  known  conditions:  (o)  A  rising  tide  op- 
poses the  outflowing  fresh  water.  A  falling  tide  has  the  opposite  effect.  (6)  Current 
directions  shown  at  stations  with  velocities  of  less  than  three-tenths  foot  per  second 
should  be  viewed  with  suspicion.  They  are  apt  to  be  due  to  temporary  causes;  also 
the  makers  of  the  instrument  set  two-tenths  foot  per  second  as  the  limit  for  accuracy 
of  the  velocity  register,  (c)  It  is  possible  that  the  many  drafts  of  water  drawn — as 
high  as  10  chambers  a  day — may  have  freshened  the  salt  water  sufficiently  to  inter- 
fere with  maximum  conditions  late  in  the  afternoon. 

It  is  beHeved  that  the  data  are  representative  of  the  conditions  in  this  locality. 

The  siu-face  velocities  may  be  found  higher  if  the  water  in  the  lock  chamber  was 
doubly  freshened  as  was  the  case  in  the  investigation  of  May,  1915. 

Miscellaneous.- — Various  estimates  have  been  made  dming  the  year  on  the  time  of 
raising  or  lowering  of  Gatun  and  Miraflores  Lakes  to  stated  heights. 

Fifteen  ratings  have  been  made  at  the  Pedro  Miguel  ciu-rent-meter  rating  station 
In  1915  and  1916,  and  all  meters  are  now  in  good  condition.  Also  one  meter  was  rated 
and  sold  to  the  Panaman  Governmient. 

Some  spilling  was  done  through  the  Gatun  Locks'  culverts  in  January  and  February, 
1916,  during  the  repair  work  on  Ga:un  spillway.  Preliminary  determinations  of 
discharge,  under  above  conditions,  v  ?re  made  and  results  used  in  hydrologies  of 
January  and  February,  1916. 

The  long-term  average  periods  of  wa.?r  yield  were  altered  on  January  1,  1916,  so  as 
to  begin  on  January  1,  1911,  in  the  case  of  Gatun  Lake,  and  January  1, 1902,  in  the  case 
of  Chagres  River  discharge  at  Alhajuela.  Previous  to  1911  conditions  were  not  com- 
parable to  present  conditions  in  the  items  of  evaporation,  seepage,  retention  in  swamps, 
and  rainfall  direct  into  the  lake.  Also,  Chagres  River  discharges  at  Alhajuela  pre- 
vious to  1902  were  largely  gotten  by  formulae  based  on  Gamboa-Alhajuela  ratios  ap- 
plied to  Gamboa  measured  discharges.  The  present  sy.stem  of  records  is  based  on 
actual  measurements  under  conditions  that  will  remain  stable  under  the  operatitjn 
of  the  canal. 
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The  following  tables  and  plates  accompany  the  hydrographical  section  of  this 
report: 

Plate  No.  74,  Current  velocity  direction  observations,  Miraflqres  Locks. 

Plate  No.  75.  Alhajuela  average  monthly  discharges. 

Plate  No.  76.  Total  yield  of  Gatun  Lake,  1915,  and  dry  season,  191G. 

Plate  No.  77.  Gatun  Lake  and  Chagres  River  hydrographs,  November  15-17,  1915. 

Plate  No.  78.  Operating  uses  of  Gatun  Lake  water  supply,  1915,  and  dry  season,  1916. 

Plate  No.  79.  Alhajuela  discharge  mass  ciuves. 

Plate  No.  80.  Yields,  storage  and  losses  mass  curves,  Gatun  Lake  watershed. 

Plate  No.  81.  Alhajuela  discharge  duration  crn-A^e,  1902-1915,  inclusive. 

Plate  No.  82.  Gatun  Lake  total  >-ield  mass  ciu-ves,  1912, 1911-1915,  average,  and  1915. 

Table  No.  8.  Hydrology  of  Gatun  Lake  watershed,  1915. 

Table  No.  9.  Hydrology  of  Gatun  Lake  watershed,  dry  season,  1916. 

Table  No.  10.  Hydrology  of  Miraflores  Lake  watershed,  1915. 

Table  No.  11.  Hydrology  of  Miraflores  Lake  watershed,  dry  season,  1916. 

Table  No.  12.  Hydrology  of  Chagres,  1915. 

Table  No.  13.  Hydrology  of  Chagres,  dry  season,  1916. 

Table  No.  14.  Monthly  discharge,  Chagres  River  at  Alhajuela,  1915. 

Table  No.  15.  Monthly  Gatun  Lake  hydrology,  1915. 

Table  No.  16.  Principal  freshets  of  1915,  and  dry  season,  1916. 

Table  No.  17.  Maximum,  minimum,  and  mean  elevation,  by  months,  at  all  stations, 
from  January  to  December,  inclusive,  1915. 

Table  No.  18.  Ratios  between  principal  water  losses,  Gatun  Lake,  1915. 

Table  No.  8. — Hydrology  of  Gatun  Lake  tmtershed,  1915. 
[Drainage  area,  1,320  square  miles.] 
Gatun  lockages,  1,310.    Pedro  Miguel  lockages,  1,305. 


Gatun  Lake: 
Yearly  mean 
Maximum. . . 
Minimum. . . 


Date. 


Feb.  10 
Nov.    9 


Quantities. 


Million 
cubic 
feet. 


Second- 
feet. 


Gatun  spillway,  waste 

Gatun  spillway,  leakage 

Gatun  Locks,  lockage  and  tests 

Gatun  Locks,  leakage 

Gatun  hydroelectric  plant 

Pedro  Miguel  Locks,  lockage  and  tests 

Pedro  Miguel  Locks,  leakage  ' 

Pumping  at  Gaillard  Cut ' 

Brazos  Brook  Reservoir 

Pumicing  at  Gamboa 

(a)  Total  outflow 

(b)  Storage  ( -I- increase,  —decrease) 

(c)  Net  yield  (a± 6) 

(d)  Evaporation  on  lake  (59.931  inches) 

(e)  Total  yield  (c+d) 

(Y)  Kainlallon  lake  (122. 24  inches) 

(g)  Yield  from  land  area  (c— /) 

Transferred  into  Miraflores  Lake  ' 


187, 676 
115 

5,384 

338 

27, 412 

4,373 
181 
202 
230 
330 


5,951.2 

3.6 

170.7 

10.1 

870.2 

138.7 

5.7 

8.3 

7.4 

10.5 


226,330 
-2,4,')0 
223, 880 

23,094 
246, 974 

46, 988 

199,986 

4,816 


7,176.4 

-77.7 

7,098.7 

732. 3 
7,831.0 
1,490.0 
6,341.0 

152.7 


Lake  surface 

Land  area 

Total  watershed 


Mean 

area 

(square 

miles). 


165.8 
1,154.2 


Rainfall 
(inches). 


122.2 
118.0 


Run-ofI 
(inches). 


122.2 
74.5 


100 
63 


1,320.0 


118.2 


68 


'  Transferred  into  Miraflores  Lake. 
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Table  No.  9. — Hydrology  o/Gatun  Lake  watershed,  dry  season  1916} 
FDrainage  area,  1,320  square  miles. 1 
Gatun  lockages,  15S.    Pedro  Miguel  lockages,  220. 


Kleva- 
tion. 

Date. 

Gatun  Lake: 

Season  mean            

86.34 
8G.  75 
85.91 

Jan. 18-19 

Apr.  10 

Quantities. 


Million 
cubic 
feet. 


Second- 
feet. 


Gatun  Locks,  waste  and  lake  regulation 

Gatun  spillway,  waste 

Gatun  spillway,  leakage 

Gatun  Locks,  lockage  and  tests 

Gatun  Locks,  leakage 

Gatun  hydroelectric  plant 

Pedro  Miguel  Locks,  lockage  and  tests  - 

Pedio  Miguel  Locks,  leakage  ^ 

Pumping  at  Gaillard  Cut  - 

Brazos  I3rook  Reservoir 

Pumping  at  Gamboa 

Maintaining  Miraflores  Lake,  through  Pedro  Miguel  Lock  2 

(a)  Total  outflow 

(6)  Storage  (-1-increase,  —decrease) 

(c)  Net  yield  (o±b) 

(d)  Evaporation  on  lake  (25. 08  inches) 

(f)  Total  vield  (c+(?) 

(f )  Rainfall  on  lake  (11.19  inches) 

(g)  Yield  from  land  area  (e—f) 

Transferred  into  Miraflores  Lake  - 


1,942.8 
316.8 

38.1 
655.4 

62.0 

10,373.7 

563.0 

52.1 

14.4 
105.5 
149.7 
597.3 


185. 8 
30.3 

3.6 
62.7 

5.9 

992.3 

53.9 

5.0 

1.4 
10.1 
14.3 
57.1 


14, 870. 8 
-1,950.0 
12,920.8 

9, 657. 5 
22, 578. 3 

4, 325. 8 
18, 252. 5 

1,226.8 


1,422.4 
-186.5 
1, 235. 9 

923.8 
2, 159. 7 

413.7 
1, 746. 0 

117.4 


Mean 

area 

(square 

miles). 

Rainfall 

(inches). 

Run-off 
(inches). 

Percent- 
age 
(run-off). 

Lake  surface 

166.4 
1,153.6 

11.2 
12.1 

11.2 

6.8 

100 

Land  area 

56 

Total  watershed 

1,320.0 

12.0 

7.4 

62 

Dry  season  months  are  January,  February,  March,  and  April. 
'  Transferred  into  Miraflores  Lake. 


Table  No.  10. — Hydrology  of  Miraflores  Lake  watershed,  1915. 
[Drainage  area,  38.5  square  miles.] 


Miraflores  lockages,  1,319. 


Miraflores  Lake: 
Yearly  mean 
Maximum... 
Minimum . . . 


Date. 


Aug.  20 
Oct.     1 
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Table  No.  10.— Hydrology  of  Miraflores  Luke  watershed,  1915 — Continued. 


Million 
cul  icfeet. 


Quantities. 


Second- 
feet. 


Miraflores  si>illway ,  waste 

Miraflores  spillway,  leakage 

Miraflores  Locks,  lockage  and  tests 

Miraflores  Locks,  leakage 

Miraflores  power  plant  cooling  water . . . 
Miraflores  filter  plant 

(a)  Total  outflow 

(*)  Total  inflow  from  Gatun  Lake  i 

(ft)  Storage  (+increase,  —decrease) 

(c)  Net  yield  (a-*  ±6) 

(d)  Evaporation  on  lake  (54.214  inches) 

(e)  Total  yield  (c+d) 

(/)  Rainfall  on  lake  (80.17) 

( g)  Yield  from  land  area  (e—f) 

Includes  filtration  plant  wash  water  >. . , 


1,571 

89 

A,  664 

230 

410 

21 


49.8 

2.8 

147.9 

7.3 

13.0 

.7 


6,984 

+  4,829 

-16 

2,139 

202 

2,341 

294 

2,047 

13 


221.4 

+  153.1 

-0.5 

67.8 

6.4 

74.2 

9.3 

64.9 

0.3 


Lake  surface 

Land  area 

Total  watershed 


Mean  area 
square 
miles. 


1.6 
36.9 


38.5 


Rainfall 
(inches). 


80.2 
83.0 


82.9 


Run-ofl 
(inches). 


80.2 
23.8 


26.2 


Percent- 
age 
(run-off). 


100 
29 


1  Includes  filtration  plant  wash  water. 


Table  No.  11. — Hydrology  of  Miraflores  Lake  watershed,  dry  season  1916} 

[  Drainage  area,  38.5  square  miles.] 
Miraflores  lockages,  163. 


Miraflores  Lake: 
Season  mean 
Maximum... 
Minimum . . . 


Date. 


Apr.  24 
Jan.    12 


Quantities 


Second- 
feet. 


Miraflores  spillway,  waste 

Miraflores  spillway,  leakage 

Miraflores  Locks,  lockage  and  tests 

Miraflores  Locks,  leakage 

Miraflores  power  plant  cooling  water 

Miraflores  Locks,  wastage 

(o)  Total  outflow 

(*)  Total  inflow  from  Gatun  Lake  ^ 

(b)  Storage  ( +iiicrease,  —decrease) 

(c)  Net  yield  (a-*  ±6) 

(d)  Evaporation  on  lake  (23.90  inches) 

(e)  Total  >ield  (c+(/) 

(/)  Rainfall  on  lake  (12.01  inches) 

Ig)  Yield  from  land  area  {e—f) 

Includes  filtration  plant  wash  water  ^ 

1  Dry  season  months  are  January,  Ec/ruary,  March,  and  April. 
-  Includes  filtration  plant  wash  water. 
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Table  No.  W.—ITydroJogy  of  Mirajlores  Lake  watershed,  dry  season,  1916 — Continued. 


Mean  area, 
(square 
miles). 

Rainfall 

(inches). 

Run-ofI 
(inches). 

Percent- 
age 
(nm-ofF). 

1.6 
36.9 

12.01 
11.05 

12.01 

100 

Land  area 

Total  watershed 

3S.5 

11.09 

Table  No.  12. — Hydrology  of  Chagres,  1915. 

[Elevations  are  in  feet  aljove  sea  level  and  quantities  in  second-feet.] 
Alhajuela.     Drainage  area,  427  square  miles. 

Low  water  (feet  above  mean  sea  level) 91. 0 

Distance  from  Gatiin  (miles) 38. 5 

Mean: 

Elevation  (feet  above  mean  sea  level) 93. 22 

Discharge 2,  888 

Maximum: 

Day  of  month,  Nov.  15. 

Elevation  (feet  above  mean  sea  level) 104. 32 

Discharge 38,  000 

Minimum: 

Day  of  month,  Apr.  1. 

Elevation  (feet  above  mean  sea  level) 91. 47 

Discharge 545 

Percentage  of  yield  at  Gatun i      2  07 

Length  of  records  (years) 14 

Compared  with  station  average,  total  period,  per  cent  above 10 

Table  No.  13. — Hydrology  of  Chagres,  1916.^ 

[Elevations  are  in  feet  above  sea  level  and  quantities  in  second-feet.] 

Alhajuela.     Drainage  area,  427  square  miles. 

Low  water  (feet  above  mean  sea  level) 91 . 0 

Distance  from  Gatun  (miles) 38. 5 

Mean: 

Elevation  (feet  above  mean  sea  level) 91.  89 

Discharge 1  003 

Maximum : 

Day  of  month,  Apr.  11. 

Elevation  (feet  above  mean  sea  level) 97. 95 

Discharge .'..'!!  13,  858 

Minimum: 

Day  of  month,  Apr.  10-11. 

Elevation  (feet  above  mean  sea  level) 91 .  14 

Discharge 474 

Percentage  of  yield  at  Gatun |      ^  ^^ 

Length  of  records  (years) 15 

Compared  with  station  average,  same  seasons,  per  cent  below. 28 

•  Compared  to  net  yield. 

2  Compared  to  total  yield. 

^  Dry  season  months  are  January,  February,  March,  and  April. 

<  Compared  with  Gatun  total  yield. 

=■  Compared  with  Gatun  net  yield. 

63503°— 16 15 
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Table  No.  14. — Monthly  discharge ,  Chagres  Birer,  Alhajuela,  1915. 
[Drainage  area,  427  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Rim-off 
(depth 
in  inches 
on  water- 
shed). 


January 

February 

March . .". 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


3,670 
20,300 

1,446 
27,085 
21,820 
16,706 
18,042 
11,200 
10,640 
27, 720 
38, 000 
24, 367 


932 

769 

571 

545 

991 

1,576 

2,629 

1,809 

1,720 

1,883 

2,491 

1,547 


1,544 
2,104 
943 
2,237 
3,138 
3,185 
4,196 
2,811 
2,920 
3,832 
4,387 
3,362 


3.61 
4.93 
2.21 
5.24 
7.35 
7.46 
9.83 
6.58 
6.84 
8.95 
10.27 
7.87 


4.162 
5.134 
2.548 
5.846 
8.474 
8.323 
11.333 
7.586 
7.631 
10.318 
11.459 
9.073 


38,000 


545 


2,888 


6.76 


7.657 


Table  No.  15. — Gatun  Lake,  1915. 
[Drainage  area,  1,320  square  miles.] 


1 

Month. 

2 

Mean 

elevation 

above  mean 

sea  level. 

3 

Area  for 

mean 
elevation. 

4 

Spillway 
discharge.' 

5 

Storage 
(-fincrease, 
—decrease). 

6 

Evapora- 
tion from 

lake  sur- 
face. 

7 

Run-off 
net  yield 

(44-5). 

8 

Total  yield 
(4-1-5-1-6). 

Feet. 
86.98 
86.98 
86.82 
86.46 
85.68 
85.44 
86.19 
86.02 
86.03 
86.02 
85.35 
86.12 

Sq.  miles. 
167.4 
167.4 
166.8 
166.4 
164.6 
162.5 
166.0 
166.0 
166.0 
166.0 
164.3 
■     166. 0 

Sec-feet. 

2,587 

4,325 

1,335 

5,705 

7,761 

6,306 

10,264 

6,968 

7,618 

11,922 

14,871 

6,374 

Sec-feet. 

-  16 

-  118 

-  512 

-  305 
-1,650 
+     853 
-f-     112 

-  19 

-  96 
+     373 

-  860 
-t-1,299 

Sec-feet. 
929 
871 
969 
863 
765 
734 
591 
627 
641 
608 
525 
670 

Sec-feet. 
2,570 
4,207 
823 
5,400 
6,111 
7,159 
10, 376 
6,949 
7,522 
12,295 
14,010 
7,673 

Sec-feet. 
3,500 

5,077 

March 

1,792 

April 

6,263 

May 

6,876 

June 

7, 893 

July  

10,967 
7,576 
8,163 

12,903 

September 

November 

December 

14,535 
8,344 

The  year . . . 

86.27 

■    165.8 

7,170 

-      78 

733 

7,091 

7,824 

1  Includes  leakages,  lockages,  pumping,  and  power  water. 
Table  No.  16. — Principal  freshets  of  year  1915  and  dry  season  1916. 


Vigia. 

Alhajuela. 

Gamboa. 

Date  of  be- 
ginning. 

Eleva- 
tion of 
crest. 

Rise. 

Eleva- 
tion of 
crest. 

Rise. 

Hours 
after 
Vigia. 

Maxi- 
mum dis- 
charge, 

c.  f.  s. 

Eleva- 
tion of 
crest. 

Rise. 

Hours 
after 
Vigia. 

Per 
cent  of 
\  igia 

rise. 

Per 

cent  of 
Alha- 
juela 
rise. 

1915. 

Feb.  10 

Apr.3 

Apr.  4 

May7 

May21 

May26 

June  28 

June  30 

Julys 

Oct.  30 

Oct.  31 

Nov.  15 

Nov.  17 

Dec.  2 

Dec.  3 

1916. 
Apr.  11 

137.4 
140.6 
139. 6 
136.0 
136.0 
137.5 
135.4 
135. 0 
135.4 
135.6 
139.0 
142.7 
136.2 
138.4 
137.7 

133.3 

Feet. 
7.8 

15.2 
8.8 

10.4 
9.2 
9.9 
8.0 
8.3 
8.5 
9.0 

10.4 

15. 0 
7.8 

10.4 
8.2 

8.0 

100.1 
102.4 
102.0 
99.8 
99.9 
100.6 
99. 1 
98.9 
99.4 
99.5 
102.2 
104.3 
99.6 
101.3 
100.8 

98.0 

Feet. 
5.8 

10.8 
6.0 
7.7 
6.8 
7.0 
5.6 
5.8 
6.2 
6.6 
7.6 

10.5 
5.4 
7.3 
5.6 

6.4 

li 

U 

li 

U 

1 

lA 

1 

lA 

1 

n 
u 
1 

li 

li 
IJ 

li 

20,308 
27, 100 
26, 000 
19,384 
19,692 
21,962 
17, 294 
16,706 
18,042 
18,480 
27,950 
38, 000 
18,930 
24,369 
22,640 

13,858 

87.19 

86.82 
86.73 
86.  55 
85.47 
85.60 
85.67 
85.99 
86.77 
86.16 
86.33 
85.69 
85.57 
86.15 
86.12 

86.27 

Feet. 
0.05 
None. 
.07 
.09 
.07 
.19 
.22 
.19 
.23 
.19 
.30 
.29 
.07 
.10 
.07 

.30 

0.6 

0.9 

3i' 

lA 

lA 

h 

?! 

ii" 

.08 

.9 

.08 
2.0 
3.0 
2.0 
3.0 
2.0 
3.0 
3.0 
1.0 
1.0 

.8 

1.0 
1.0 
1.0 
3.0 
4.0 
3.0 
4.0 
3.0 
4.0 
3.0 
1.0 
1.0 
1.0 
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Table  No.  17. — Monthly  mcuciimim,  minimum,  and  mean  elevations  for  Gatiin  Lake, 
Miraflores  Lake,  and  Chagres  River,  l')15. 


r,atun  Lake. 


Gatun. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Trinidad. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Monte  Lirio. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


87.06 
87.20 
86.98 
86.89 
86.54 
85.96 
86.62 
86.15 
86.27 
86.18 
86.18 
86.54 


86.90 
86.88 
86.60 
86.37 
85  36 
85.35 
85.96 
85.80 
85.92 
85.95 
84.96 
85.69 


86.98 
86.82 
86.46 
85.68 
85.44 
86.19 
86.02 
86.03 
86.02 
85.35 
86.12 


87.06 
87.22 
87.02 
86.86 
86.55 
85.93 
86.61 
86.14 
86.18 
86.21 
86.15 
86.53 


86.93 
86.86 
86.63 
86.28 
85.31 
85.35 
85.93 
85.78 
85.92 
85.94 
84.95 
85.  73 


87.01 
87.00 
86.82 
86.45 
85.67 
85.45 
86.20 
86.01 
86.02 
86.02 
85.35 
86.13 


87.07 
87.14 
86.99 
80.93 
86.56 
86.00 
86.65 
86.16 
86.20 
86.31 
86.19 
86.55 


86.96 
86.88 
86.61 
86.34 
85.38 
85.40 
86.00 
85.81 
85.97 
86.00 
84.97 
85.70 


87.00 
86.99 
86.81 
86.48 
85.71 
85.50 
86.25 
86.05 
86.07 
86.05 
85.37 
86.15 


87.20 


84.96 


6.17 


87.22 


84.95 


86.18 


87.14 


84.97 


86.20 


1915. 


Gatun  Lake. 


Bohio. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Frijoles. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


San  Pablo. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


January 

February 

March . ." 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


87.07 
87.21 
87.04 
86.85 
86.56 
86.05 
86.66 
86.15 
86.18 
86.26 
86.19 
86.60 


86.98 
80.93 
86.61 
86.35 
85.  41 
85.41 
86.00 
85.85 
85.94 
86.00 
84.97 
85.76 


87.01 
87.02 
86.86 
86.50 
85.74 
85.54 
86.25 
86.02 
86.05 
86.09 
85.40 
86.19 


87.07 
87.25 
86.99 
86.88 
86.59 
8*6.  00 
86.72 
86.15 
86.15 
86.26 
86.20 
86.58 


86.  98 
86.93 
86.63 
86.30 
85.39 
85.37 
86.01 
85.84 
85.93 
85.99 
84.98 
85.75 


87.02 
87.03 
86.84 
86.48 
85.72 
85.51 
86.26 
86.04 
86.03 
86.07 
85.44 
86.19 


87.07 
87.19 
87.02 
86.88 
86.54 
85.99 
86.68 
86.16 
86.16 
86.27 
86.21 
86.59 


86.97 
86.92 
86.49 
86.30 
85.39 
85.37 
85.98 
85.81 
85.93 
85.97 
84.98 
85.78 


87.01 
87.01 
86.85 
86.47 
85.71 
85.51 
86.26 
86.04 
86.04 
86.07 
85.40 
86.16 


87.21 


84.97 


86.22 


87.25 


84.98 


86.22 


87.19 


84.98 


86.21 


1915. 


Gatun  Lake. 


Gamboa. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Pedro  Miguel. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Juan  Mina. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


January 

February 

March 

April 

May 

Jime 

July 

August 

September 

October 

November 

December 

The  year 


87.11 
87.19 
87.05 
86.90 
86.56 
85.99 
86.77 
86.21 
86.26 
86.35 
86.30 
86.56 


86.70 
86.79 
86.  4S 
86.  12 
85.19 
85.16 
85.  82 
8.5.  74 
85.82 
85.91 
84.86 
85.70 


86.99 
86.97 
86.81 
86.44 
85.66 
85.45 
86.19 
86.02 
86.02 
86.01 
85.33 
86.14 


87.95 
87.82 
88.00 
87.50 
87.37 
86.46 
87.35 
86.82 
86.89 
87.30 
87.00 


85.87 
86.03 
85.58 
85.25 
84.31 
86.44 
85.17 
85.01 
84.90 
83.74 
84.62 
84.70 


86.98 
86.96 
86.80 
86.45 
85.66 
85.46 
86.19 
85.99 
86.00 
85.87 
85.54 
86.04 


87.11 
87.35 
87.04 
87.23 
86.72 
86.21 
87.08 
86.32 
86.53 
87.42 
87.20 
86.58 


86.85 
86.80 
86.57 
86.26 
85.33 
85.28 
85.94 
85.80 
85.87 
85.92 
84.93 
85.69 


86.99 
86.99 
86.81 
86.47 
85.72 
85. 50 
86.23 
86.04 
86.07 
86.04 
85.39 
86.19 


87.19 


6.17 


.  00       83.  74       86. 16 


87. 42       84. 93 


86.20 
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Table  No.  17. — Monthly  maximuvi,  minimum,  and  mean  elevations  for  Gatun  Lake, 
Mirajlores  Lake,  and  Chagres  River,  1915 — Continued. 


Chagres 

River. 

Miraflores  I>ake. 

1915. 

-Mhajuela. 

Vigia. 

South  end  Pedro  Miguel 
lock. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

94.05 
100.  10 
92.42 
102. 35 
100.  60 
98.90 
99.35 
97.00 
96.80 
102. 15 
104.  32 
101.27 

91.86 
91.73 
91.49 

?1.47 

ei.99 

92.40 
93.11 
92.56 
92.50 
92.61 
93.02 
92.38 

92.54 
92.76 
91.89 
92.85 
93.44 
93.44 
94.00 
93.17 
93.29 
93.75 
94.03 
93.44 

129.  02 
137.  40 
126.  80 
140.  60 

137.  50 
135.  00 
135.  38 
132.  25 
131.  90 
139.00 
142.70 

138.  40 

126.  50 
126.  35 
125. 25 
125.  20 

125.  45 
126. 10 

126.  90 
126. 10 
126. 10 
126.  40 
126.  40 
125.  90 

127. 06 
127.  46 
125.97 

126.  79 

127.  36 
127. 26 
128. 05 
126. 93 
127. 11 

127.  74 

128.  02 
127.29 

54.12 
54.42 
54.43 
54.08 
54.28 
54.21 
54.33 
54.65 
54.40 
54.47 
54.38 
54  47 

53.43 
53.60 
53.45 
53.46 
53.60 
53.55 
53.60 
53.65 
53.00 
52.95 
63.70 
53.25 

63.79 

February 

64.02 

54.03 

April     

53.81 

May 

53.93 

53.93 

July 

54.04 

August    

54.06 

53.93 

54.02 

November 

64.08 

63.88 

104.  32 

91.47 

93.22 

142.70 

125.20 

127. 25 

54.65 

52.95 

53.% 

Table  No..  18. — Galun  Lake,  1915. 
[Ratios  between  principal  water  losses.] 


Spillway  waste  was  X  times- 

Lockage  water  was  X  times- 

Month. 

Hydro- 
electric. 

Lock- 
ages. 

Evapo- 
ration. 

Net 
yield.i 

Neces- 
sary 
losses  .2 

Total 
yield.3 

Hydro-  Evapo- 
electric.  ration. 

Net 
yield.! 

Neces- 
sary 
losscs.2 

Total 
yield.a 

Value  of  X. 

Value  of  X. 

January 

February. . . 

March 

April 

May 

June 

July 

Augu.st 

September  . 

October 

November. . 
December.. 

1.3 

3.8 
.2 

7.2 
10.0 

7.1 
11.2 

5.5 

6.2 
10.5 
13.6 

5.2 

3.9 

9.8 

.3 

12.4 

16.6 

12.5 

20.4 

14.0 

19.7 

62.7 

268.2 

56.7 

1.3 

3.6 

.1 

5.4 

8.7 

7.0 

15.2 

8.8 

9.7 

17.6 

26.2 

7.8 

0.5 
.7 
.2 
.9 

1.1 
.7 
.9 
.8 
.8 
.9 

1.0 
.7 

0.9 
2.6 
.1 
4.4 
6.0 
4.4 
6.9 
3.8 
4.5 
8.5 
12.4 
4.6 

0.4 
.6 
.1 
.7 

1.0 
.7 
.8 
.7 
.8 
.8 
.9 
.6 

0.3 
.4 
.5 
.6 
.6 
.6 
.5 
.4 
.3 
.2 
.05 

•  .09 

0.3 
.4 
.4 
.4 
.5 
.6 
.7 
.6 
.5 
.3 
.1 
.1 

0.10 
.08 
.50 
.07 
.07 
.06 
.04 
.06 
.04 
.01 
.004 
.01 

0.2 
.3 
.3 
.4 
.4 
.4 
.3 
.3 
.2 
.1 
.05 
.08 

0.10 
.06 
.20 
.06 
.06 
.05 
.04 
.05 
.04 
.01 
.004 
.01 

Year. . 

6.8 

19.2 

8.1 

.8 

4.9 

.76 

.36 

.42 

.04 

.25 

.04 

'  Net  yield  i.s  inflow  evaporation. 

*  Necessary  losses  is  the  sum  of  leakages,  hydroelectric,  lockages,  municipal,  and  sanitary  water  losses. 

5  Total  yield  is  total  inflow. 

Note.— X  means  that  there  were  as  many  times  as  shown  in  columns  water  used  through  the  spillway 
or  in  lockages  as  at  hydroelectric  plant,  lockages,  etc.:  i.  e.,  in  January^  191.'),  there  was  1.3  times  as  much 
water  wasted  through  the  spillway  as  was  used  in  making  hydroelectric  power. 

Section  of  Surveys. 

The  section  of  surveys  continued  its  work  of  maintaining,  checking, 
and  recording  the  locations  of  Canal  Zone  boundary  monuments, tri- 
angulation  points,  and  bench  marks.  A  survey  of  the  100-foot  con- 
tour about  Gatun  Lake  was  completed  during  the  .year,  and  monu- 
ments were  set  to  mark  its  location.     This  section  has  handled  aU 
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survey  work  in  connection  with  the  permanent  location  of  buildings, 
water  and  sewer  lines,  changes  in  tracks  on  locks  and  dams,  and  has 
made  various  surveys  and  maps  for  otlier  divisions. 

The  details  of  the  work  accomplished  by  this  section  are  covered 
in  the  report  of  the  assistant  engineer,  which  follows: 

Section  of  Suhvevs. 
0.  E.  Malshury,  assistant  engineer. 

BUILDING    LOTS. 

Colon: 

Corner  and  grade  stakes 247 

Alley  stakes 187 

Folks  1  liver,  corner  and  grade  stakes 

Cristobal,  corner  and  grade  stakes 1 

Balboa,  corner  and  grade  stakes 1 

Santa  Cruz,  Panama,  corner  and  grade  stakes 9 

Guachapali,  Panama,  corner  and  grade  stakes 2 

Las  Esplanadas,  corner  and  grade  stakes 5 

Total  stakes  set  on lots . .       453 

Colon  monuments. — Sixty-nine  block  monuments  were  set. 

Colon,  regular  lots. — Surveys  and  maps  were  made  showing  the  tvro  houses  on  lot 
558,  the  houses  and  fence  lines  on  lots  18  and  19,  block  27,  the  buildings  on  lots  209 
and  304,  the  separate  areas  occupied  by  the  two  houses  on  lot  213,  and  the  dimensions 
and  areas  in  meters  and  square  meters  for  lots  16,  17,  18,  and  19,  block  54. 

Colon,  miscellaneous  lots. — A  survey  was  made  including  those  lots  along  the  west 
shore,  and  those  of  temporary  layout  in  the  stable  district.  A  special  map  was  pre- 
pared showing  the  western  group;  the  stable  lots  were  shown  in  dim  outline  over  the 
approved  layout  on  the  1  to  1,200  map  of  Colon. 

The  shore  to  the  east  of  the  stable  district  was  monumented  and  tied  in  to  the  stable 
district. 

A  corral  lot  was  staked  out  on  Colon  Beach  near  the  slaughterhouse,  and  a  map 
prepared  showing  its  area  and  location. 

Survey  and  map  were  made  showing  the  conflict  of  the  proposed  quarantine  reser- 
vation enlargement  on  garden  lot  3001 . 

A  survey  was  made  and  a  map  prepared  showing  the  location  of  a  1-acre  tract  of 
laud  on  Colon  Beach,  about  300  feet  north  of  the  slaughterhouse.  A  tie  was  made  to 
the  Colon  lot  layout  monuments. 

Cristobal  lots. — A  survey  was  made  locating  houses  and  curb  lines  on  a  plat  of 
ground  just  south  of  the  Cristobal  Hotel.  A  map  was  drawn  up  on  a  scale  of  1  to  240 
showing  three  lots. 

Las  Esplanadas,  Panama. — A  survey  was  made  and  a  map  prepared  showing  the 
location  of  houses,  curb  and  street  lines,  sea  wall,  etc.,  of  that  part  to  the  south  of 
Avenue  Siir.     Monuments  were  set  and  referenced. 

A  survey  was  made  and  a  map  prepared  making  a  redivision  of  the  block  com- 
prising lots  1-5,  section  A. 

A  survey  was  made  and  a  map  prepared  showing  the  encroachment  into  lot  15  of 
the  house  on  lots  12,  13,  and  14,  section  A. 

San  Doval  stable  lots. — Corner  and  grade  stakes  were  set  on  11  lots.  A  fishplate 
monument  was  set  at  the  north  end  of  the  tract,  and  reference  points  were  cut  on 
the  concrete  roadway.  A  survey  was  made  and  a  map  prepared  showing  lots  1-a  to 
1-f  and  12-a  to  12-f,  also  roads,  buildings,  and  bounding  lines. 

Santa  Cruz. — Surv^ey  and  map  were  made  of  a  garden  plot  back  of  block  28,  for 
lease  to  Mr.  A.  Lockerson. 

The  Ramirez-Marquez  line  was  restaked  for  the  building  of  a  fence  line. 

Pueblo  Nuevo. — The  Panama  Railroad  Santa  Cruz  estate  boundary  line  was  staked 
out  through  the  village  of  Pueblo  Nuevo. 

The  boundary  lines  of  two  tracts  of  land  in  Pueblo  Nuevo  were  replotted  and  the 
areas  checked. 
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•      GATUN    DAM. 

Settlement  hubs. — Regular  monthly  readings  have  been  taken  and  reported.  The 
eettlement  for  the  year  is  normal.  For  example,  the  settlement  in  contour,  plus  95, 
East  Valley,  South  Toe,  is  83  inches  for  the  year,  as  compared  to  4  inches  per  year  for 
the  previous  18-month  period. 

B.M's.  "D"  and  "L2.^^ — B.  M.  "D"  has  consistently  settled,  the  total  for  the  year 
being  0^234. 

B.  M.  "L2  "  has  continued  to  rise  as  its  movement  indicated  the  last  three  months 
of  the  previous  year.  The  total  upward  movement,  however,  was  very  slight,  being 
0'.017. 

Bench  marks. — Bench  mark  W-25  was  replaced  in  the  West  'S'alley  by  a  permanent 
bench  mark  designated  by  the  letter  "I  " ;  a  permanent  1)ench  mark  "H  "  was  estab- 
lished in  the  borrow  pit  near  the  old  signal  tower;  a  permanent  bench  mark  was 
established  oh  the  northeast  pier  of  the  west  emergency  dam,  to  be  used  as  a  datum 
for  all  settlements  in  the  East  Valley.     It  is  designated  by  the  letter  "G." 

A  precise  level  circuit  was  rim  from  P.  B.  M.  6  through  all  the  bench  marks  in  both 
valleys,  and  corrections  made. 

South  approach  wall. — The  readings  on  the  south  approach  wall  show  consistent 
settlement — minimum  near  the  break  (Al,  (K.047);  large  at  the  end  (E  and  W,  0^.241); 
and  maximum  at  the  middle  (A4,  CK.278). 

The  reference  bench  mark  on  the  center  wall,  218  feet  north  of  the  break,  was  tied 
in  to  the  P.  B.  M.  datum  plane,  and  its  recorded  elevation  was  foimd  to  be  0^.224 
high.     No  change  was  made. 

Cano  Saddle. — The  profile  of  Cano  Saddle  was  rim  four  times  during  the  year.  The 
settlement  is  slight,  ranging  from  O'.OO  to  0^.13. 

Hindi  Levee. — The  profile  of  Mndi  Levee  was  run  once  during  the  year. 

Tracks. — A  transit  and  chain  survey  was  made,  and  a  map  prepared  on  a  scale  of  1 
to  4,000,  showing  the  tracks  on  the  Gatun  Dam,  locks,  borrow  pit,  !Mindi  Tjevee,  and 
connections  with  the  main  line  of  the  Panama  Railroad . 

Surveys  were  made  and  the  l'^-50^  scale  maps  of  the  Pedro  Miguel  and  !Miraflores 
Locks  were  ^e^^sed,  showing  in  detail  the  connections  of  the  tracks. 

Survey  and  map  were  made  of  a  section  west  of  ^Miraflores  Locks,  showing  1-foot 
contours. 

Hydroelectric  station. — Bench  marks  were  established  in  the  forebay,  tailrace, 
tops  of  turbine  wheel,  casings,  and  in  the  pressure  gauge  pipes  in  the  power  house,  to 
be  used  in  connection  with  power  tests. 

PRECISE    LEVEL    BENCH    MARKS. 

Repairs. — The  following  bench  marks  were  cleared  and  repaired:  28A  (Gorgona), 
27A  (Juan  Grande),  22A,  42  (Cardenas  Hill),  42A,  43,  43A,  44,  44A.  38  (Paraiso),  38A 
(Paraiso),  39  (Pedro  Miguel),  39A,  40  (Tank  Hill),  40A,  37  (Cucaracha),  37A  (Cucar- 
acha),  35  (Lirio),  34  (Empire),  33  (Whitehouse),  32  (Las  Cascadas),  30  and  30A 
(Matachin),  29  and  29A  (Gorgona  Shops),  26A  (Mamei),  24A  (Caimito),  25  and  25A 
(Bailamonos),  23A  (San  Pablo),  20A,  19A,  and  18A. 

A  monument  on  a  ridge  near  Tabernilla  dumps  was  taken  up.  It  was  probably 
meant  for  21A,  but  was  never  incorporated  into  the  system. 

Transfers. — P.  B.  M.  45  (Balboa):  The  pipe  was  shortened  to  conform  to  the  grading 
in  front  of  building  No.  14,  and  was  later  transferred  on  account  of  change  of  plans. 

P.  B.  M.  7A  (Gatim):  This  bench  mark  was  transferred  on  account  of  new  grading. 

Corrections. — P.  B.  M.  7  (Gatun):  A  correction  of  0^.013  was  applied  to  this  bench 
mark  in  accordance  with  the  result  of  a  circuit  of  precise  levels  through  P.  B.  M.  C. 

P.  B.  M.  36  (Culebra):  This  bench  mark  was  published  destroyed  by  the  slides  on 
the  canal. 

P.  B.  M.  tide  gauges. — Colon:  The  tide  gauge  register  bench  mark  was  checked  in 
July  and  September. 

Pier  No.  18,  Balboa:  Four  bench  marks  were  established  in  accordance  with  the 
P.  B.  M.  datum  plane,  and  the  gauge  rod  set. 

P.  B.  M.  datum  versus  Gatun  Lake  level. — A  series  of  readings  were  taken  in  March 
from  the  P.  B.  M.  datum  onto  the  Gatun  Lake  level  at  Pedro  Miguel,  Gamboa,  Darien, 
Frijoles,  and  Gatun.  The  readings  were  highest  at  Darien,  as  in  the  readings  of  the 
pre\'ious  year. 
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ZONK    TRIANGULATION    STATIONS. 

Slide  commission. — In  line  with  a  systematic  study  of  the  slides,  and  with  the 
object  of  determining  whether  the  hills  are  mox-ing  eh  masse,  triangulalion  stations 
were  established  on  Gold  Hill,  Zion  Hill,  Contractor's  North,  and  Contractor's  South, 
tied  into  the  Zone  system.  Azimuths,  distances,  and  coordinates  were  computed. 
The  chained  distance  between  Contractor's  North  and  South  checked  the  com- 
puted distance  to  0'.02. 

In  addition  to  the  above  the  angle  was  measured  from  A  Luisa,  between  points  on 
either  side  of  the  canal,  and  between  the  fixed  point  A  Gordo  and  A  Gold  Hill. 

Three  months  after  the  stations  were  established  angles  were  read,  showing  no 
movement. 

Various  stations. — Some  work  was  done  to  incorporate  the  east  tower  of  the  Colon 
wireless  into  the  Zone  system. 

A  reconnaissance  trip  was  made  to  Cerro  Escalante,  and  it  was  sketched  onto  the 
1-20,000  map  of  the  Canal  Zone. 

The  triangulation  station  at  Ancon  was  repaired  twice  during  the  year. 

CANAL    ZONE    BOUNDARY    LINES. 

The  monumenting  of  the  boundary  lines  between  the  Canal  Zone  and  the  cities  of 
Panama  and  Colon,  in  accordance  with  the  treaty  proclamation  of  February  18,  1915, 
was  finished. 

Panama. — A  regulation  concrete  monument  was  set  on  the  Corundu  River,  near 
Bridge  No.  65  of  the  old  Panama  Railroad;  the  stone  bridge  on  the  Corozal  road  and 
the  concrete  bridge  on  the  Tumba-Muerta  trail  were  stenciled;  a  brass  plug  was  set 
m  the  concrete  curb  at  the  junction  of  the  Corral  and  Tivoli  roads,  and  an  iron  spike  was 
driven  in  the  center  of  the  Tivoli  road  at  an  angle  point  on  the  boimdary  line. 

Colon. — Sixteen  monuments  were  set  on  line  and  several  brass  plug  reference  points 
were  set  on  the  offset  line  in  Folks  River.  An  iron  rail  was  set  in  concrete  at  Old 
Point  A,  Folks  River.  Brass  bolts  were  set  in  the  sea  walls  at  both  ends  of  the  line. 
One  monument  was  replaced.  The  azimuth  line  of  Colon  Harbor  was  staked  out 
across  the  fill  at  the  Cristobal  fire  station.  All  regular  concrete  monuments  were 
properly  stenciled. 

100-foot  contour. — The  100-foot  contour  survey  was  started  and  finished  within  the 
year,  with  a  total  of  843  monuments  set,  as  follows: 

Continuous  100-foot  contour 734 

Isolated  100-foot  contour  (Peninsula) 95 

Continuous  100-foot  contour  (on  5-mile  line) 10 

Isolated  100-foot  contour  (on  5-mile  line)  (Peninsula) 4 

Monuments  set  on  the  5-mile  line  were  numbered  consistently  with  the  monuments 
on  this  line,  using  the  fractions  h,  \,  etc.  The  regular  5-mile  line  type  of  monument 
was  also  used . 

The  other  monuments  were  numbered  consecutively  up  one  side  of  a  valley  and 
down  the  opposite  side,  working  on  the  east  side  of  the  canal  from  the  Chagres  Valley 
to  the  north  and  on  the  west  side  of  the  canal  from  the  Trinidad  to  the  south.  Frac- 
tional numbers  were  used  occasionally  to  take  care  of  special  cases  of  omitted  numbers. 

Blocks  of  numbers  were  assigned  to  each  valley.  The  end  numbers  and  the  total 
number  set  per  valley  are  as  follows : 

Chagres  Valley,  1  to  66,  total 70 

Gatun  Vallev,  100  to  251,  total 156 

Trinidad  Valley,  300  to  817,  total 525 

Cano  Valley,  900  to  989,  total 92 

Shore  line,  contoiir,  and  island  corrections  were  sketched,  with  the  help  of  pocket 
compasses.  Cultivations  and  improvements  below  the  lOO-foot  contour  were  also 
sketched  for  the  use  of  the  special  attorney. 

Five-mile  boundary. — The  Canal  Zone  boundary  line  was  cleared  from  monument 
No.  90  in  the  direction  of  Chivo  Chivo  Hill  to  a  few  himdred  feet  beyond  monument 
No.  84. 

As  noted  above  in  the  Gatun  Lake  survey,  monuments  were  set  wherever  the  100- 
foot  contour  crossed  the  5-mile  line.     Foiurteen  monuments  were  set  in  this  manner. 
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TERMINALS. 

Atlantic. — Precise  tape  measurements  were  taken  on  four  sections  of  the  Cristobal 
coaling  plant  bridge  span,  making  a  satisfactory  check. 

Pacific. — A  8vu*vey  was  made  locating  buildings,  duct  lines,  etc.,  at  Dry  Dock  No.  1. 
The  old  precise  level  bench  marks  were  checked  and  new  ones  set.  Assistance  was 
rendered  in  preparing  drawings  and  checking  computations  on  the  track  layout. 

FUEL-OIL    STORAGE. 

Mount  Hope. — Cross  sections  were  taken  on  the  fire  walls  of  tanks  Nos.  10  and  41, 
and  on  the  walla  between  the  tanks  of  the  Panama  Canal  Storage  Co.  and  the  Texas 
Co.     The  sections  were  plotted  and  the  yardage  computed. 

Comer  stakes  were  reset  on  lots  Nos.  26  and  48.  Elevations  were  determined  for 
tanks  on  the  following  lots:  26,  48,  10,  41,  4,  and  28. 

Balboa. — Survey  was  made  to  determine  the  rate  and  total  settlement  of  tank  No.  37. 

A  sm-vey  was  made  of  the  lot  layout  of  the  West  Coast  Oil  &  Fuel  Co.  (Ltd.),  corner, 
center,  and  grade  stakes  being  set,  and  a  map  prepared  showing  the  tanks,  connections, 
and  fire  walls. 

Lots  1,  2,  3,  and  4,  as  shown  on  plan  No.  4197,  were  restaked  into  three  lots.  Fire 
walls  on  lots  13  and  14  were  checked  for  elevations,  slope,  and  grading,  and  results 
shown  on  plan. 

JOINT   LAND    COMMISSION. 

Surveys  were  made  and  maps  drawn  up  showing  boundary  lines,  areas,  and  improve 
ments  on  various  estates,  as  noted  below: 

Mandinga. — Survey  completed . 

Alba. — Area  of  fresh- water  swamps  determined;  also  areas  of  Islands  Nona  and 
Zurita  determined. 

San  Juan. — Area  of  monglare  determined. 

Eio  Congo. — Survey  and  map. 

Pnnta  Mala  -proper. — Survey  and  map  were  made  showing  areas  of  various  owners. 

El  Trapiche  and  Chorilla  de  la  Pena. — A  map  was  drawn  up  from  previous  surveys 
showing  the  areas  of  these  two  properties,  and  a  conflict  between  them  of  0.58  hectare. 

Guabal. — Maps  were  drawn  up  showing  different  interpretations  of  the  description 
with  reference  to  the  conflict  with  the  Cocoli  and  Velasquez. 

E.  J.  R.  Evans. — Survey  and  map  of  his  pastures  were  made. 

San  Jose. — A  map  was  prepared  and  a  report  submitted  re  conflict  with  the  Mala 
Redonda  estate. 

Arda-Bracho  pastures. — Survey  and  map  were  made. 

Rio  Indio  tract. — The  area  of  that  part  on  the  south  bank  of  the  Rio  Chagres  taken 
from  the  Harrison-Arosemena  map  was  found  to  be  1,200  hectares. 

Bernadino. — Survey  was  made  to  show  that  this  estate  lies  entirely  without  the 
Canal  Zone. 

San  Lazaro  tract. — A  map  was  made  showing  the  boundary  lines  and  area. 

Sabana  Grande. — Survey  and  maps  were  made;  also  a  traverse  of  the  Rio  Chilibre 
from  the  mouth  of  the  Rio  Agua  Buena  to  the  Rio  Pedernal  was  made. 

Barro  Colorado  Arriba. — A  sketch  map  was  prepared  showing  boundary  lines  and 
area. 

Margarita  cane  fields. — Survey  and  map  were  made. 

Loma  Pedragosa. — The  map  and  areas  of  this  estate  were  checked  and  found  to 
agree  with  the  survey. 

Viafora  tract. — The  location  of  this  tract  was  shown  on  the  "  Map  of  the  Northeastern 
Part  of  the  Canal  Zone." 

SUPPLY    DEPARTMENT   PASTURES. 

Mount  Hope. — Survey  and  map  were  made  of  the  commissary  pasture,  bounded 
on  the  north  by  the  Margarita  Railroad  and  the  Rio  Puerto  Escondido,  on  the  east 
by  Gatun  Lake,  on  the  south  by  Brazos  Brook  Reservoir  and  the  Gatun  Road,  and 
on  the  west  by  the  East  Diversion,  showing  all  main  fences,  drainage,  high  ground 
and  swamp  and  the  dividing  line  between  the  property  of  the  Panama  Railroad  and 
The  Panama  Canal  on  the  one  side  and  the  property  of  Messrs.  Arcia  and  Bracho  on 
the  other  side. 

Keio  Culebra. — A  tract  was  cleared  through  the  property  for  inspection  purposes. 
A  map  was  prepared  showing  the  dividing  lines  of  the  tracts  to  be  cleared,  areas, 
and  drainage.     Trochas  were  started  on  the  dividing  lines. 

Siu'veys  were  made  to  determine  the  areas  cleared  by  contract  on  both  of  the  above. 
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GENERAL    SURVEYS. 


\JAZI  ^^Z^^*^-'  ?«^^o«--Survey  and  map  were  made  showing  the  location  of  the 
bml.li  igs  of  the  Imon  Oil  Co.  at  Balboa.     A  table  was  prepared  showing  the  area 
ot  each  of  the  seven  buildings,  the  area  of  each  with  a  15-foot  allowance  all  around 
and  the  area  of  the  seven  buildings  taken  in  a  square  with  a  15-foot  allowance  all 
arountl. 

Rrmoval  of  Chagrcs  to  Lagarto.— Inspection  trips  were  made  down  the  coast  from 
Colon  to  Lagarto,  and  by  trail  from  Cano  Saddle  to  the  Rio  Lagarto,  and  thence  bv 
cayuca  to  the  village  of  Lagarto.  •^ 

A  stadia  survey  of  the  trail  was  made  from  the  village  of  Chagres  to  Lagarto  and 
compass  traverses  were  made  up  the  Rio  Lagarto,  Cano  Quebrada,  and  MSsnuera  to 
the  end  ot  cayuca  navigation  in  each  case.  A  compass  survey  was  made  of  the  trail 
from  Cano  Saddle  to  the  Rio  Lagarto. 

A  townsite  was  cleared  and  laid  off  into  lots  on  the  north  bank  of  the  Rio  Largarto 

lopography  of  Gamboa.—A  topographical  survey  and  map  were  made  coverino-  the 
area  1,500  feet  to  the  east  of  Gamboa  Bridge,  the  lake,  and  up  to  the  100-foot  contour 
on  the  north  bank  showing  5-foot  contours. 

MISCELLANEOUS. 

Ordnance  reservation.— An  ordnance  reservation  was  staked  out  and  monumented 
at  Oorozal;     Map  and  description  were  drawn  up. 

Palo  Seco  leper  colony.— A  map  was  prepared  showing  the  boundary  lines  monu- 
ments, and  military  trial  in  the  reservation.  ' 

Water  and  land  areas,  Caiml  Zone.— The  total  area  between  the  5-mile  limits  and 
the  coast  lines,  the  Gatun  and  Miraflores  Lake  areas  and  the  land  area  witliin  these 
limits,  and  the  total  Gatun  Lake  area  up  to  the  87-foot  contour  were  determined  for 
the  Census  Bureau. 

Power  cable,  Gatun  to  Tore  Point.— A  survey  was  made  staking  out  the  line  Ran^^es 
were  set  tor  crossing  the  bay,  and  the  range  lines  were  monumented  after  the  cable 
was  laid. 

^'xammaiions.— Examinations  for  levelmen  and  transitmen  were  given  in  Auo-ust 
and  February.  '^ 

1-20,000  ma;x— Additional  data  were  put  on  the  1-20,000  map  of  the  Canal  Zone 
rrom  various  surveys  and  maps. 

Rvniof  Chagrcs  Basin.— The  coordinates  and  elevations  of  the  controlMng  points  on 
banta  Rita  ridge  line,  and  the  elevations  of  three  points  on  the  Trinidad  rid^e  were 
computed .     Elevations  were  computed  for  the  points  on  the  rim  of  the  Cha<^res  Basin 
as  shown  on  the  1-100,000  map  of  1912,  by  reducing  the  notes  of  the  traverses  of  the 
various  branches  of  the  Chagres  River. 

.^^^t^'',i'■V^^^'''^''Il''''^''l■''^'^'^^'''''^  "'  making  a  stadia  survey  of  the  Culebra  slides 
i  ?T,  f  *^f  ^  """^  *^®  floating  crane  Ajax.  The  area  of  Panama  City,  in  accordance 
with  the  treaty  proclamation  of  February  18,  1915,  was  determined  '  Working  draw- 
ings were  made  of  the  following  camp  equipment:  Pack  sacks,  stadia  boards,  and  cots 
A  base  line  was  laid  out  and  the  intervals  of  various  transits  determined  Pliiladel- 
phia  level  rods,  Brandis  precise-level  rod,  and  stadia  boards  were  relined  and  resten- 
iil  •^''°'PFi^?n  was  made  of  five  standardized  Lufkin  steel  tapes  with  the  Invar 
tape  i^xammation  and  disposition  was  made  of  numerous  field-note  books  and  800 
Ola  French  maps. 

17-^^?^tl^'"w^'i^'n'i^^T:^^=.V^^?^'  203-86;  precise  level,  30.43;  stadia  traverse, 
miles  of  Hne  1 75  7  '  ^'^■^^'  ^^"'P*^^'  34-28;  clearing,  7.95.     Total 

Section  of  Office  Engineer. 

The  section  of  office  engineer  has  continued  the  conduct  of  the 
drattmg  forces  of  locks  operation  and  maintenance,  electrical  division, 
municipal  division,  division  of  terminal  construction,  and  the  buildino- 
division;  has  conducted  the  issue  of  all  necessary  prints,  and  has  con- 
tinued m  the  work  of  preparation  of  specifications,  requisitions,  and 
prints  accompanying  the  same. 
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The  details  of  tlie  work  accomplislied  and  of  the  force  employed  are 
given  in  the  report  of  the  office  engineer,  which  follows: 

Section  of  Office  Engineer. 

C.  J.  Einhree,  office  engineer. 

During  the  past  year  we  have  employed  an  average  of  40  draftsmen,  who  have  been 
assigned  to  work  as  follows: 

Men. 

Building  division 23 

Terminal  construction 12 

Electrical  division 2 

Municipal  division ■. 1 

Office  engineer,  for  general  assignment 2 

Total 40 

During  the  year  we  have  issued  a  total  of  1,352  tracings,  spending  a  total  of  8,356 
man-days  in  their  preparation,  or  6.18  man-days  per  tracing. 

The  number  of  tracings  issued  by  each  section  of  the  drafting  room  is  as  follows: 

Building  division 764 

Terminal  construction 283 

Municipal  division 50 

Electrical  division 88 

Office  engineer  for  Panama  Railroad,  health  department,  executive  office,  locks 

division,  etc 167 

Total 1,  352 

In  addition  to  the  drafting  work  of  this  office,  we  have  maintained  a  blue-print  room 
for  issuing  prints  to  the  field  for  construction  pvu'poses,  as  well  as  making  up  the  nec- 
essary record  prints  and  negatives  for  ordering  material  in  the  States. 

Square  feet. 

Blue  prints  issued 312,  318 

Wliite  prints  issued 84,  002 

Brown  prints  issued 13,  749 

Cloth  blue  prints  issued 957 

Total 411,  026 

In  addition  to  the  general  drafting-room  work,  we  have  maintained  a  record  of  all 
stock  spare  parts  for  the  locks  division,  writing  specifications,  and  placing  requisitions 
for  stock  required  to  replace  worn-out  or  damaged  electrical  and  mechanical  parts. 

Respectfully, 

Chester  Harding, 

Engineer  of  Maintenance. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 


PLATE  2. 


MIRAFLORES   LOCKS.     BLISTERING  OF  PAINT  AND    RUST  SPOTS  ON   GATE  NO.  119. 


ymB^^^aBOBSiSS^ 


APPENDIX  B. 
REPORT  OF  THE  MARINE  SUPERINTENDENT,  MARINE  DIVISION. 


Balboa   Heights,  Canal  Zone,  July  30,  1916. 
Sir:  I  have  the  honor  to  submit  the  following  report  of  operations 
of  the  marine  division  for  the  fiscal  year  ended  Jmie  30,  1916: 

organization. 

Capt.  Hugh  Rodman,  United  States  Navy,  continued  as  marine 
superintendent  until  October  1,  1915,  when  he  was  succeeded  by  the 
xmdersigned  who  on  September  1,  1915,  had  been  appointed  assistant 
to  the  marine  superintendent. 

On  July  8,  1915,  Lieut.  P.  P.  Bassett,  United  States  Navy,  was 
appointed  captain  of  the  port,  Cristobal,  succeeding  Commander 
D.  E.  Dismukes,  United  States  Navy,  relieved  from  duty  with  The 
Panama  Canal. 

On  August  1,  1915,  Lieut.  A.  B.  Reed,  United  States  Navy,  was 
appointed  captain  of  the  port,  Balboa,  succeeding  Commander  H.  V. 
Butler,  United  States  Navy,  during  whose  absence  from  the  Isthmus 
Lieutenant  Reed  had  from  the  beginning  of  the  fiscal  year  been  acting 
captain  of  the  port. 

Canal  Pilot  Fred  Kariger  remained  throughout  the  year  in  charge 
of  aids  to  navigation. 

It  was  determined,  after  trial,  that  it  would  be  to  the  best  interests 
of  the  canal,  as  well  as  to  shipping  using  the  canal,  to  have  pilots  on 
the  locks  as  lock  pilots,  and  two  pilots  were  accordingly  sent  to  each 
set  of  locks  to  act  as  lock  pilots  under  the  direction  of  the  lock  super- 
intendent. These  pilots  will  be  reheved  by  others  from  time  to  time, 
in  order  that  all  pilots  may  become  qualified  lock  pilots  as  well  as 
channel  pilots. 

Toward  the  close  of  the  je&v  the  poHcy  was  adopted  of  employing 
on  the  gold  roll  white  American  citizens  to  displace  the  colored  aliens 
in  the  positions  of  boatswain  of  tugs,  foreman  of  docks,  signal-station 
keeper,  operator  of  motor  boats,  oiler,  fireman,  and  seaman.  The 
cooperation  of  the  Navy  Department  was  secured  and  that  depart- 
ment nominates  naval  reserve  men,  retired  enhsted  men,  or  men 
honorably  discharged  from  the  Navy,  to  apply  on  our  requisitions. 
While  the  salaries  paid  by  the  canal  to  these  white  Americans  do  not 
greatly  exceed  those  paid  to  aliens  in  the  same  positions,  in  the  cases 
of  naval  reserve  and  retired  enlisted  men  their  Navy  pay  added  to 
their  canal  pay  makes  their  positions  attractive.  It  is  beheved  that 
their  services  will  prove  incomparably  better  than  those  of  the  men 
they  displace,  and  that  the  saving  effected  in  wear  and  tear  on  the 
machinery  and  equipment  of  floating  property  in  the  hands  of  these 
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trained  employees,  together  with  the  considerable  numerical  reduc- 
tion which  must  resmt,  will  fully  demonstrate  the  wisdom  of  the 
change. 

Appropriation  was  made  for  the  terminal  office  buildings  recom- 
mended m  last 'year's  report,  and  during  the  year  erection  was  in 
progress  on  a  three-story  concrete  structure  at  each  canal  terminus 
for  occupancy  by  the  office  forces  of  the  captain  of  the  port  and  those 
of  other  canal  officials  conjointly  interested  in  shipping.  At  the  close 
of  the  year  the  building  at  Balboa  was  practically  completed,  and  the 
third  floor  assigned  to  the  captain  of  the  port.  Construction  of  the 
Cristobal  building  was  32  per  cent  completed  on  Jmie  30. 

Branch  hydrographic  offices  were  maintained  in  connection  with 
the  captain  of  the  port's  office  at  either  terminal. 

Notices  to  mariners  were  issued  from  time  to  time  concerning 
changes  in  aids  to  navigation  and  other  matters  of  interest  to  navi- 
gators. 

Two  notices  to  steamship  fines  were  issued;  one  advised  that  those 
lines  whose  vessels  frequently  transit  the  canal  may  make  advance 
lump  sum  deposits  covering  toUs  and  other  charges  and  keep 
open  accounts  with  the  canal,  thus  avoiding  the  inconvenience  which 
theretofore  resulted  to  owners  and  agents  due  to  the  requirement 
that  deposit  be  made  to  cover  charges  on  each  individual  vessel;  the 
other  defined  the  classes  of  vessels  to  which  the  canal  obfigates  itself 
to  supply  coal  at  estabfished  rates. 

Sfides  in  GaiUard  Cut  interrupted  traffic  from  September  1  until 
September  10,  1915,  and  from  September  17,  1915,  until  April  15, 
1916.  During  the  latter  tie-up  the  division's  pay  roll  was  largely  re- 
duced by  temporarily  transferring  employees  to  the  dredging  division, 
where  there  was  demand  for  their  services,  and  by  continuing  them 
on  leave  without  pay.  Very  few  were  discharged  on  account  of  sus- 
pension of  traffic. 

Cape  Mala  lighthouse  was  erected  and  put  in  commission  on  July 
10,  1915.  On  June  26,  1916,  a  clapet  carrying  gas  tanks  and  other 
material,  with  27  persons  on  boarcf,  proceeded  from  Balboa  for  the 
purpose  of  replenisliing  the  supply  ol  gas  and  generally  overhauling 
this  lighthouse.  A  rough  sea  prevented  the  party  from  landing, 
occasioned  the  loss  of  considerable  property  by  washing  it  overboard, 
and  nearly  resulted  in  the  sinking  of  the  clapet  and  the  loss  of  the 
lives  of  all  on  board.  Bona  Island  lighthouse  was  placed  in  commis- 
sion on  August  2,  1915;  on  November  25,  1915,  it  was  struck  by 
lightning,  but  was  relighted  the  following  day.  On  clear  nights  this 
light  has  been  seen  for  a  distance  of  42  miles.  The  lighthouse  on 
Taboguilla  Island  was  placed  in  commission  on  August  10,  1915. 
The  lights  on  Bona  and  Taboguilla  Islands  were  uinvatched  and 
burned  incessantly,  except  for  the  brief  int(>rruption  noted  in  the  case 
of  the  f oiTuer.    All  three  lights  proved  satisfactory  and  economical. 

Slight  changes  were  made  in  the  aids  to  navigation  and  in  the 
characteristics  of  lights,  as  experience  and  local  conditions  seemed 
to  dictate,  in  order  to  better  facilitate  the  transit  of  shipping,  both 
by  day  and  by  night. 

Tlio  signal  stations  at  Gamboa  and  La  Pita  were  maintained.  A 
new  signal  station  was  erected  on  Sosa  Hill.  This  station  commands 
a  splendid  view  of  Balboa  Harbor  and  enables  the  captain  of  the  port 
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to  commiinicato  with  ships  much  more  expeditiously  than  was  pos- 
sible before. 

The  mooring  stations  at  Gamboa  and  Empire  were  maintained 
throughout  the  year.  The  former  station  is  permanc^nt;  its  mooring 
buoys  were  renewed  and  heavier  moorings  laid.  It  was  found  desir- 
able to  establish  another  temporary  mooring  station  near  Paraiso; 
this  will  probably  be  maintained  until  the  channel  past  the  slides  is 
in  such  sliape  that  vessels  can  safely  transit  Gaillard  Cut  without 
delay. 

The  absence  of  a  bad  sea  or  swell  in  the  harbor  of  Cristobal  has 
been  noticeable  since  the  practical  completion  of  the  east  brealnvater, 
and  it  is  evident  that  the  entire  harbor  will  be  protected  for  shipping 
in  all  weathers. 

In  addition  to  handling  ships'  business,  the  radio  stations  at  the 
terminal  ports  sent  out  daily  news  bulletins,  time  signals,  and  notices 
to  mariners  of  interest  to  approaching  vessels. 

One  50-foot  motor  boat  and  three  launches  of  the  Pilot  type  w^ere 
piu-chased  and  put  in  use.  The  launch  Aspinwall,  formerly  used  as 
a  supply  and  passenger  boat  in  connection  with  the  operation  of  the 
hotel  of  its  name  on  Taboga  Island,  was  transferred  to  the  marine 
division.  The  launch  Q  was  condemned,  her  hull  destroyed,  and  her 
engine  retained  as  a  spare. 

Until  the  slides  have  been  removed  and  there  is  reasonable  cer- 
tainty that  all  ships  can  be  transited  promptly,  the  large  two-story 
building  erected  on  the  quarantine  reservation  at  Balboa  will  not  be 
needed  for  occupancy  by  pilots,  and  it  was  therefore  temporarily 
transferred  to  the  supply  department  for  rental. 

The  confusion  attending  the  levying  of  toUs  still  continues,  as, 
under  the  interpretation  of  the  Attorney  General  noted  in  the  last 
annual  report,  it  is  necessary  to  consider  two  factors,  United  States 
net  registered  tonnage  and  Panama  Canal  net  tonnage,  in  arriving 
at  the  amount  of  tolls  to  be  assessed.  This,  of  course,  will  continue 
until  Congress  remedies  the  situation  by  legislation  authorizing  the 
application  of  the  Panama  Canal  rules  of  measurement  alone  in  all 
cases. 

The  following  statistics  of  traffic  through  the  canal  are  presented : 
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Table  No.  2. Number  of  vessels  of  various  nalionaKHcs  passing  through  The  ranama 

Canal. 

ATLANTIC  TO   PACIFIC. 


Month. 

C3 

i 
< 

33 
23 
10 

4, 

u 

41 
42 
27 

c 

2 
o 

2 
4 
1 

'S 

03 

P 
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1 

0 

n 

1 

3 
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jd 
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a 
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.2 

"3 

a 
a 

(3 

d 

0 

d 

a 

a 

Pi 

i 

p.. 

i 

(5 

.a 

? 

0 

1915. 

July                                                      

6 
2 
1 

2 

6 
2 

"4' 

1 

2 
3 

1 

3 

93 

1 

89 

1 

2 

49 

2 

1 

3 

1916. 

4 
1 

12 
13 
16 

114 

233 

4 

1 

2 

13 
36 
33 

193 

225 

1 

4 
4 

16 

16 

2 

"4' 
10 
11 

3 

4 
3 

1 
5 
3 

32 

Mav                                         

1 
3 

11 

5 

5 

4 

:::: 

1 

69 

June 

70 

Total,  fiscal  year  1916 

2 

1 

1 

19 

19 

6 

15 

1 

5 

411 

Total,  fiscal  year  1915 

2       1 

4 

1 

16 

2 

5 

7 

530 

PACIFIC  TO   ATLANTIC. 


1915. 
July             

22 
29 
15 

35 
34 
22 

2 
3 
1 

2 
1 
4 

2 

1 

5 
2 
5 

1 
2 
1 

5 

77 

72 

1 

1 

51 

5 

1 
1 
3 
19 
14 
15 

1 

6 

1916. 

1 

2 

1 

2 

17 
29 
26 

5 

1 
5 
5 

17 

19 

33 
35 

68 

1 

2 

1 

1 
1 

1 

:::: 

5 

4 
4 



I 

3 

48 

May 

.... 

60 

June 

54 

Total,  fiscal  year  1916 

124    165 

8 
13 

18 
24 

4? 

4 
2 

15 

7 

22 

1 

2 

5 

26 

1 

14 

8 

*376 

Total,  fiscal  year  1915 

238 

238 
471 

709 

239 

358 
464 

822 

1 

1 
3 

4 

1 

1 

2 

1 

25 

2 

2 

1 

11 

558 

Grand  total,  fiscal  year 
1916           

3 
3 

6 

2 
2 

4 

24 
6 

2 

45 
41 

7 
2 

29 

4 

1 
6 

13 

18 

787 

Grand  total,  fiscal  year 
1915 

1,088 

Total  number  of  vessels  to 
July  1,  1916 

30 

2 

86 

9 

33 

7 

31 

1.875 

I  Canal  not  in  operation.         2  Traffic  interrupted  by  slides.        *  Including  1  Argentinan  vessel. 
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MEASUEEMENT   OF   VESSELS    AND   APPLICATION    OF   TOLLS. 

The  board  of  admeasurers  continued  its  operations  in  the  same 
manner  as  tlu'oughout  the  previous  fiscal  year.  This  board  consists 
of  the  marine  superintendent  and  the  captams  of  the  ports  at  Cristobal 
and  Balboa. 

Certificates  of  measurement,  purporting  to  be  in  accordance  with 
the  Panama  Canal  or  the  United  States  rules  for  measm-ements,  pre- 
sented by  vessels  when  applying  for  transit,  are  exammed  and  on 
inspection  of  the  vessel  are,  if  necessary,  made  to  conform  to  their 
respective  regulations  in  effect  at  the  time. 

I  The  requirement  that  the  United  States  net  registered  tonnage  be 
considered  in  the  assessment  of  tolls  added  greatly  to  the  work  of  the 
board,  especially  because  of  numerous  changes  during  the  year  in 
interpretations  placed  upon  the  United  States  rides  for  measure- 
ment by  tlie  Commissioner  of  Navigation  of  the  United  States  De- 
partment of  Commerce.  Considering  the  United  States  rules  for 
measurement  as  a  factor  in  the  levying  of  tolls  has  resulted  in  ex- 
empting practically  all  shelter-deck  spaces  and  deck  loads  of  vessels 
transiting  the  canal,  wliich  in  turn  has  resulted  in  discrimination 
against  most  of  the  United  States  vessels  transiting  the  canal  during 
the  year,  owing  to  the  fact  that  almost  all  United  States  vessels  are 
so  constructed  that  they  are  unable  to  take  advantage  of  shelter-deck 
space.     On  the  other  hand,  the  United  States  rules  provide  for  the 

,  exemption  of  certain  cabin  spaces  above  the  upper  deck  that  is  not 
a  deck  attached  to  the  huU,  which  would  in  most  cases  result  in 
discrimination  against  foreign  vessels  in  favor  of  United  States  pas- 
senger steamers  if  the  national  register  of  the  vessel  were  recognized 
as  a  factor  to  be  considered  in  the  levying  of  tolls.  In  order  that 
our  treaty  obligations  may  be  lived  up  to  and  that  chsciiminationniay 
be  avoided,  and  in  accordance  with  the  Attorney  General's  decision 
that  the  United  States  net  registered  tonnage  sliall  be  considered  as  a 
factor  in  the  levying  of  tolls,  the  board  of  admeasurers  has  adopted 
the  rule  that  in  the  case  of  aU  foreign  vessels  the  United  States  rules 
for  measurement  wiU  be  applied  in  order  to  find  an  equivalent  United 
States  tonnage  to  be  considered  as  the  second  factor  in  determuiing 
the  amount  of  tolls  to  be  assessed' 

!  As  time  goes  on  and  traffic  increases,  with  a  resulting  increase  in 
the  niunber  of  classes  of  vessels  using  the  canal,  it  becomes  more 
evident  that  it  will  be  absolutely  necessary  to  adopt  some  one  rule 
for  the  levying  of  tolls,  and  experience  has  demonstrated  beyond  a 
doubt  that  the  fairest  rules  for  determining  the  tonnage  of  a  vessel, 
in  order  that  tolls  may  be  assessed  without  discrimination  and  on  a 
just  basis,  are  the  Panama  Canal  rules  for  measurement.  It  is  again 
recommended  that  legislation  be  secured  authorizing  the  levying  of 
tolls  on  the  basis  of  the  Panama  Canal  rules  alone.  We  collected  in 
tolls  during  the  year  $2,399,830.42,  but  had  we  been  permitted  to 
-consider  only  the  Panama  Canal  rules  for  measurement  the  revenue 
from  tliis  it(>m  would  have  been  $2,790,544.47,  showing  a  direct  loss 
in  revenue  on  this  account  of  $390,714.05. 

STEAMBOAT-INSPECTION    SERVICE. 

Upon  the  detachment  from  the  canal  service  of  Commander  D.  E. 
Dismukes,  United  States  Navy,  Lieut.  P.  P.  Bassett,  United  States 
Navv,  was,  on  July  8,  1915,  appointed  chairman  of  the  board  of  local 
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inspectors.  On  August  1,  1915,  Liout.  A.  B.  Rood,  United  States 
Navy,  was  appointed  a  member  of  the  board,  taking  the  place  of 
Commander  H.  V.  Butler,  United  States  Navy,  who  was  detached 
from  service  at  the  canal  and  whose  place  on  the  board  Lieut.  Reed 
had  been  occupying  by  temporary  appointment  since  June  28,  1915. 

Upon  the  boards  recommendation,  Circular  705  was  issued  on 
October  30,  1915,  providing  that  no  lighter  equipped  wath  steam 
power,  either  for  propulsion  or  for  handling  cargo  or  coal,  shall  be 
used  alongside  any  ship  whose  cargo  contains  explosives  or  inflam- 
mable products. 

On  November  1,  1915,  Circular  603-10,  reading  as  follows,  was 
issued : 

1.  On  the  recommendation  of  the  Board  of  Local  Inspectors,  approved  by  the 
Marine  Superintendent,  all  of  Circular  No.  606-3,  dated  May  8,  1914,  and  paragraph 
133  of  Circular  No.  644,  dated  May  1,  1914,  concerning  positions  on  dipper  dredges  in 
the  ser\'ice  of  The  Panama  Canal,  are  revoked  effective  October  30,  1915. 

2.  All  of  Circular  No.  605-1,  dated  November  9,  1914,  concerning  seniority  of  dipper 
dredge  men,  is  also  revoked  effective  October  30,  1915. 

On  the  board's  recommendation,  Circular  No.  644-3  was  issued  on 
December  14,  1915,  providing  that — 

Upon  the  application  of  any  master  or  owner  of  any  steam  vessel  employed  in  the 
carriage  of  passengers  for  a  license  to  carry  gunpowder,  the  local  inspectors  shall 
examine  such  vessel,  and  if  they  find  that  she  is  provided  with  a  chest  or  safe  com- 
posed of  metal,  or  entirely  lined  and  sheathed  therewith,  or  if  the  vessel  has  one  or 
more  compartments  thoroughly  lined  and  sheathed  with  metal,  at  a  secure  distance 
from  any  fire,  they  may  grant  a  certificate  to  that  effect,  authorizing  such  vessel  to 
cany  as  freight  within  such  chest,  safes  or  compartments,  the  article  of  gunpowder, 
which  certificate  shall  be  kept  conspicuously  posted  on  board  such  vessel. 

All  accidents  resulting  in  damage  to  shipping  in  Canal  Zone  waters 
were  investigated  by  the  board  of  local  inspectors,  which,  wherever 
possible,  fixed  the  responsibility  for  the  damage  and  estimated  the 
cost  of  repairs. 

Further  details  concerning  steamboat  inspection  and  licenses  are 
contained  in  the  followmg  extracts  from  the  report  of  the  board  of 
local  mspectors : 

On  November  5,  1915,  the  board  adopted  and  the  Governor  approved  a  new  form 
of  certificate  wluch  is  being  issued  to  all  foreign  passenger  steamers  which  pass  inspec- 
tion here.  The  form  of  certificate  theretofore  issued  to  all  passenger  steamers  passing 
inspection  here  is  now  being  issued  only  to  passenger  steamers  fljdng  the  American 
flag;  wheri  the  present  supply  of  this  form  is  exhausted  there  will  be  adopted  and 
issued  in  it3_  stead  a  form  of  certificate  corresponding  in  size  to  the  certificates  now 
issued  by  this  board  to  foreign  passenger  steamers,  and  made  to  otherwise  conform  to 
certificates  issued  by  the  Steamboat  Inspection  Ser\-ice  of  the  United  States  Depart- 
ment of  Commerce. 

On  January  1,  1916,  the  board  opened  a  new  register  of  steamship  inspections  for 
American  steamers,  and  a  similar  register  for  foreign  steamers,  each  showing  on  a 
smgle  line  the  date  certificate  issued,  number  of  certificate,  name  of  ship,  owner  or 
agent,  tonnage,  date  certificate  expires,  date  authority  for  issuance  received,  port 
from  which  the  vessel  hails,  date  certificate  delivered  to  the  collector,  date  and 
number  of  the  renewing  certificate,  and  any  pertinent  remarks.  These  registers  are 
believed  to  be  a  great  improvement  over  the  record  of  inspections  theretofore  kept. 

Prior  to  December  of  1915  there  were  known  to  be  many  motor  boats  in  Canal  Zone 
waters  of  which  the  board  had  no  proper  record.  During  that  month  the  division 
of  police  completed  a  census  of  motor  boats  in  Zone  waters,  and  with  that  census  as 
a  basis  the  board  opened  and  is  maintaining  a  new  register  of  inspection  very  similar 
to  its  registers  of  steamship  inspections. 

Prior  to  November  1,  1915,  it  was  the  practice  of  this  ofiice  to  make  and  deliver 
certified  copies  of  inspection  certificates,  and  to  collect  and  transmit  the  fees  to  the 
collector.  Since  that  date  a  strict  compliance  has  been  made  with  the  provisions  of 
Circular  644  requiring  this  office  to  transmit  to  the  collector  the  original  only  of  each 
certificate,  he  to  make  and  deliver  the  certified  copies  and  to  receive  the  fees  direct. 
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A  semiannual  inspection  of  the  floating  equipment  of  the  canal  and  railroad,  ex- 
cluding the  equipment  of  the  dredging  division  in  Gaillard  Ciit  (which  exclusion 
was  approved  by  the  Acting  Governor),  was  made  and  report  of  same  submitted  under 
date  of  January  7,  1916.  This  report  and  the  notes  amending  it  submitted  under 
date  of  Febiiiaiy  25,  1916,  -u-ere  approved  and  tlie  heads  of  the  divisions  interested 
notified  to  make  their  floating  equipment  conform  thereto. 

Inspections  were  made  and  certificates  of  ^seaworthiness  issued  to  4  American 
steamers  and  23  foreign  steamers. 

From  January  1  the  date  of  opening  our  present  register  inspections  were  made 
and  certificates  of  seaworthiness  issued  to  27  motor  boats  of  The  Panama  Canal  and 
32  privately  owned  motor  boats. 

On  February  10,  1916,  the  practice  of  inspecting  and  issuing  certificates  of  sea- 
worthiness to  Army  and  Navy  launches,  and  other  public  vessels  of  the  I'nited 
States  other  than  those  of  TliePanama  Canal  was  discontinued. 

Inspections  and  tests  were  made  of  81  boilers  on  floating  equipment  of  The  Panama 
Canal  and  Panama  Railroad  Co.,  and  the  heads  of  divisions  interested  were  fur- 
nished reports  and  certificates  thereof. 

From  time  to  time  the  board  made  appraisals  of  floating  equipment  for  sale  or 
transfer,  as  requested  by  the  surveying  officer  or  directed  by  the  Governor. 

In  order  that  the  canal  might  secure  the  highest  possible  class  of  employees  to 
operate  its  new  15-yard  dipper  dredges,  the  board  decided  to  call  before  it  for  exam- 
ination the  canal  dredgemen.  and  to  indorse  good  for  the  15-yard  service  licenses  of 
those  who  satisfied  the  board  of  their  qualifications  for  such  service.^  The  board 
then  recalled  for  classification  as  5-yard  dipper  dredge  licenses  all  dipper  dredge 
licenses  other  than  those  for  15-yard  dipper  dredges. 

The  board  considered  the  request  of  the  Commanding  General  of  the  United  States 
troops  on  the  Canal  Zone  that  authority  be  gi-\en_him  to  appoint  chauffeurs  for  the 
military  service  on  the  Isthmus  without  examination  by  the  local  board,  and  decided 
that,  in  order  to  make  the  practice  uniform,  authority  to  operate  an  automobile  over 
the  streets  and  roads  of  the  (_'anal  Zone  would  be  given  only  after  the  applicant  had 
passed  an  examination  prescribed  by  the  board . 

On  December  1,  1915,  all  navigator's  and  chauffeur's  licenses  which  had  been 
signed  by  Capt.  Bodman  as  marine  superintendent  and  by  Commander  Dismukes 
as  chairman,  but  never  issued,  were  returned  to  the  auditor  for  cancellation. 

The  board  decided  that,  in  event  the  loss  of  a  cliauffeur's  or  navigator's  badge  be 
made  known  to  it,  notification  would  l.te  at  once  sent  to  the  Zone  police  authorities, 
and  if  at  the  exi)iration  of  30  days  after  siu'h  notification  the  badge  had  not  been 
returned  to  the  board  a  new  license  and  badge  would  be  issued  upon  payment  of 
the  required  fee.  It  was  also  decided  that  in  case  of  a  chauffeur's  or  navigator's 
license  becoming  worthless  because  the  writing  on  its  face  is  no  longer  legible,  the 
recorder  shall,  upon  application,  certify  that  such  license  was  issued. 

The  board  considered  tlie  advisability  of  limiting  licenses  to  motor -boat  operators 
based  on  the  liorsepowcr  of  the  engine,  and  derided  that  an  applicant  who  demon- 
strates his  ability  to  handle  a  boat  equipped  with  an  outboard  motor  or  small  gasoUne 
engine,  but  who  is  not  believed  fit  to  be  intnisted  with  a  license  to  operate  motor 
boats  up  to  15  tons,  shall  receive  a  license  to  operate  motor  boats  equipped  with  motors 
not  to  exceed  3  horsepower. 

In  order  that  a  more  certain  means  of  identification  of  Canal  Zone  chauffeurs  and 
navigators  might  be  had,  and  to  prevent  the  frequent  annoyance  and  fraud  resulting 
from'sale  aiuV  renting  of  badges,  and  their  loss  and  subsequent  use  by  those  not  en- 
titled to  use  them,  the  board  recommended  the  di.-jcontinuajice  of  the  issuance  of 
such  metal  badges,  and  the  issuance  in  lieu  of  the  present  license  forms  of  small 
cards  bearing  the  signature,  photograph,  age,  and  description  of  the  Licensee,  the 
number  of  the  license,  the  signature  of  the  marine  superintendent,  and  the  seal  of 
the  board  applied  partly  o^•er  the  face  of  the  photograph. 

Tlie  activities  of  the  board  of  local  inspectors  are  increasing  as 
traffic  througli  the  canal  develops,  for,  in  addition  to  its  duty  of 
inspecting  shipping  in  Canal  Zone  waters,  it  is  required  to  place  re- 
sponsibility for  all  serious  accidents  to  shipping  transiting  the  canal. 
Respectfully, 

H.  I.  Cone, 
Marine  Superintendent. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,   The  Panama  Canal,  Balboa  Ildghts,  Canal  Zone. 


APPENDIX  C. 

KEPORT    OF    THE    ENGINEER    OF    TERMINAL    CONSTRUCTION 
DEPARTMENT  OF  OPERATION  AND  MAINTENANCE. 


Balboa  Heights,  Canal  Zone, 

May  31,  1016. 
Sir:  I  have  the  honor  to  submit  tlie  following  report  of  work  per- 
formed by  the  division  of  terminal  construction  during  11  months  of 
the  hscal  year  1915-16,  viz,  from  July  1,  1915,  to  May  31,1916,  when 
the  state  of  completion  of  terminal  work  rendered  the  existence  of  a 
separate  organization  no  longer  necessary,  and  the  division  was 
formally  abolished. 

organization. 

Tlie  work  has  been  executed  by  the  f ollowhig  organization : 

(1)  A  designmg  and  office  engineering  force  at  Balboa  Heights  that 
has  handled  all  office  work  connected  with  the  design,  preparation  of 
plans  and  specifications,  engineering  correspondence  and  office  work 
connected  with  the  coahng  plants,  dry  dock,  floating  cranes,  and  for 
the  wharves  and  pier  at  Balboa. 

The  junior  engineer  in  charge  of  the  inspection  of  the  manufacture 
of  concrete  blocks  by  contract  at  Gamboa  has  also  been  attached  to 
this  office. 

(2)  The  Pacific  terminals  construction  subdivision,  charged  with 
all  construction  work  at  Balboa  connected  with  the  shops,  dry  dock 
coahng  plant,  v/harves,  and  pier,  Sosa  Hill  rock  excavation,  and  field 
inspection  of  work  performed  by  contractors,  and  by  Panama  Canal 
forces  pertaining  thereto. 

(3)  A  subdivision  charged  with  the  construction  of  the  Cristobal 
coahng  plant,  Atlantic  terminals,  and  the  inspection  of  contract  work 
pertammg  thereto. 

(4)  A  subdivision  charged  with  the  construction  of  the  east  break- 
wat_er,  Atlantic  terminals. 

(5)  A  subdivision  charged  with  the  design  and  construction  by  the 
Panama  Kadroad  Company  of  Pier  No.  7,  Atlantic  terminals,  also 
reported  to  the  engineer  of  terminal  construction  on  engineering 
matters.  ^  ^ 

The  following  changes  in  organization  have  occurred: 
ihe  two  floating  cranes  having  been  completed  and  accepted  by 
Ihe  Panama  Canal  the  services  of  Assistant  En.^^ineer  Henry  Schoell- 
horn,  who  acted  as  inspector  for  The  Panama  Canal  on  the  construc- 
tion ot  these  cranes,  were  terminated,  and  he  left  the  Isthmus  on 
November  30,  1915. 

Effective  at  the  close  of  business  April  30,  1916,  the  Pacific  terminals 
subdivision  was  abohshed,  and  during  the  month  of  May  the  uncom- 
pleted work  was  continued  bv  a  skeleton  organization  with  various 
subheads  reporting  directly  to  the  engineer  of  terminal  construction. 
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Effective  at  the  close  of  business  May  10,  1916,  tlie  force  engaged 
on  the  office  design  and  engineering  work  on  tiie  pier  and  certain  of 
the  wharves  at  Balboa  under  Assistant  Engineer  Walter  Rowland  was 
disbanded  on  account  of  completion  of  work. 

Effective  at  the  close  of  business  May  31,  1916,  the  division  of  ter- 
minal construction  was  abolished,  and  arrangements  were  made  to 
have  items  of  uncompleted  work  carried  to  final  termination  either  by 
other  divisions  on  work  requests  or  by  the  existing  organizations  un- 
der the  engineer  of  maintenance. 

DESIGN    AND    OFFICE    ENGINEERING. 

Coaling  Plants,  Dry  Dock,  and  Floating  Cranes. 

Designing,  including  handling  of  engineering  correspondence,  and 
matters  connected  with  the  inspection  of  contract  work  in  connection 
with  the  dry  dock,  coaling  plants,  and  floating  cranes,  has  continued 
under  the  immediate  supervision  of  Civil  Engineer  F.  H.  Cooke,United 
States  Navy,  as  designing  engineer. 

coaling  plants. 

The  annual  reports  for  1914  and  1915  gave  the  dimensions  and 
capacities  of  the  coaling  plants  at  Cristobal  and  Balboa,  and  the  char- 
acteristics and  prices  of  the  coal-handling  machinery  and  accessories 
being  supplied  at  each  plant  imder  contracts  with  Augustus  Smith 
and  the  Hunt  Construction  Co.,  Washington  Orders  40483  and  40587, 
respectively.  No  modifications  have  been  made  since  last  year  ex- 
cept in  a  few  unimportant  details. 

Supplemental  contracts  aggregating  $5,140  were  entered  into  with 
the  Hunt  Construction  Co.  as  additions  to  the  original  contract, 
/Washington  Order  No.  40587,  for  the  addition  of  two  loading-out 
chutes  for  each  of  the  unloaders,  of  which  there  are  four  at  the 
Cristobal  plant  and  two  at  the  Balboa  plant.  These  loading-out 
chutes  have  been  added  in  order  that  the  unloaders  may,  if  required, 
be  used  for  loading  barges  placed  in  front  of  them,  reclaiming  by  means 
of  their  shore  booms  and  delivering  coal  to  such  barges  via  the  50-ton 
hopper,  the  aforesaid  loading-out  cliutes,  which  are  built  into  the 
tower,  and  portable  chutes  suspended  below  and  in  front  of  the  load- 
ing-out chutes. 

The  unloaders  at  the  Cristobal  coaling  plant  were  subjected  to  the 
acceptance  tests  required  by  the  contract  in  February  and  March, 
1916.  As  the  result  of  conditions  that  developed  during  these  tests, 
the  contractor  is  making  certain  modifications  and  adjustments  in  the 
unloaders  to  enable  them  to  fully  meet  the  contract  requirements,  and 
to  date  the  Cristobal  unloaders  have  not  been  accepted  by  The  Pan- 
ama Canal. 

The  coal-handling  machinery  and  accessories  being  furnished  under 
Washington  Order  No.  40483  by  Augustus  Smith  at  the  Cristobal 
coaling  plant  is  neaiing  completion,  and  will  probably  be  ready  for  tlic 
acceptance  tests  required  by  the  contract  by  the  beginning  of  next 
fiscal  year. 

None  of  the  coal-handling  machinery  and  accessories  at  the  Balboa 
coaling  plant  has  yet  been  subjected  to  the  acceptance  tests.  The 
readiness  of  the  two  unloaders  under  Washington  Order  No.  40587  is 
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dopeiulriit  on  tho  completion  of  modifications  rendered  necessary  l)y 
conditions  tliat  developed  during  the  Cristobal  tests  above  referred 
to,  wliile  the  equipment  being  furnished  und(T  Washington  Order  No. 
404S3  will  not  be  ready  for  acceptance  tests  before  October,  1916. 

At  the  close  of  last  fiscal  year  working  drawings  had  been  issued  for 
all  of  the  substructure  at  the  Cristobal  plant  except  a  small  portion 
of  the  deck  slab  of  tlie  end  wharf  and  the  partition  walls.  These 
drawings  were  completed  and  issued  early  in  the  present  fiscal  year, 
and  the  drafting  force  engaged  on  this  work  was  disbanded.  Since 
then  a  few  additional  drawings  have  been  made  and  issued,  principally 
for  the  concrete  floors  and  walls  of  the  wharf  bunker.  The  concrete 
artition  walls  for  the  dry-storage  area  will  not  be  built  until  required 
y  lessees  of  areas  therein.  These  walls  will  be  cast  in  sections  15  feet 
long  by  13  feet  high,  so  that  they  may  be  moved  from  place  to  place 
within  the  plant  as  required. 

For  the  Balboa  coaling  plant,  at  the  close  of  last  fiscal  year,  all  of 
the  construction  drawings  had  been  issued  for  the  berm  crane  sup- 
ports and  adjacent  retaining  walls,  and  for  the  modification  of  the 
berm  cranes,  except  for  a  few  minor  details.  Tlie  drawings  for  the 
modifications  of  the  berm  cranes  were  completed  during  the  present 
fiscal  year,  as  were  practically  all  other  construction  drawings  neces- 
sary, the  last  item  to  be  completed  being  the  construction  drawings 
for  the  support  of  the  conveying  system  between  the  coal-storage  area 
and  the  reloader  wharf,  a  locality  consisting  largely  of  filled  ground 
requirmg  pile  foundations. 

Assistant  Engmeer  Carl  Monniche,  who  had  been  engaged  on  the 
design  of  the  Cristobal  coaling  plant,  resided  on  July  8,  1915. 

Owing  to  the  reasonable  selling  price  of  coal  on  the  Istlimus,  and 
the  existing  high  freight  rates,  no  desire  has  been  evinced  by  private 
coal  companies  to  lease  any  of  the  areas  in  the  dry-storage  piles, 
which  have  been  tentatively  assigned  for  that  purpose. 

DRY   DOCK   NO.    1. 

Assistant  Engineer  A.  R.  Brown  has  continued  in  immediate 
charge  of  designing  and  the  preparation  of  masonry  plans  in  connec- 
tion with  Dry  Dock  No.  1  and  the  entrance  pier. 

The  last  annual  report  gave  the  principal  dimensions  and  described 
the  consti-uction  of  Dry  Dock  No.  1,  including  the  means  adopted  for 
flooding  and  pumping  out  the  dock,  and  stated  that  contracts  for  the 
pumping  plant  and  for  the  flooding  and  sluice  valves  for  controlling 
the  now  of  water  had  been  entered  into  toward  the  end  of  the  fiscal 
year  1915.  The  award  of  these  contracts  enabled  work  to  j^roceed 
on  the  construction  drawings  for  the  pump  pit  and  the  housing  for 
the  pumping  plant  and  adjacent  air  compressor  plant,  and  for  the 
flooding  and  sluice  valves  and  accessories. 

At  the  close  of  last  year,  constiniction  drawings  had  been  issued 
for  the  greater  part  oi  the  dry-dock  masonry,  but  a  considerable 
amountof  work  remained  to  be  done  in  the  detailed  development  of 
the  piping  systems,  duct  lines,  sui-face-drainage  systems,  blocking 
system,  emplacement  and  protection  of  machinery  for  operatmg  the 
miter  gate,  capstans  ancl  bollards,  handrails,  and  miscellaneous 
fittings  and  accessories. 
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Air,  water,  and  electric  outlets  into  the  docl:. — The  clock  is  encircled 
by  electric  duct  lines  and  by  compressed  air  and  water  ])iping.  Air, 
water,  and  electric  outlets  are  provided  at  the  edge  of  the  coping, 
and  outlets  for  air  and  water  in  the  base  of  the  side  walls  just  above 
the  dock  floor.  These  outlets  are  as  follows  for  each  side  of  the 
dock: 

At  the  coping  level,  6  compressed  air,  7  fresh  water,  and  4  electric. 

At  the  floor  level,  6  compressed  air,  and  7  fresh  water. 

Provision  has  been  made  whereby  a  salt-water  pumping  plant 
with  an  individual  salt-water  piping  system  can  be  conveniently 
added  in  the  future  if  experience  indicates  that  the  initial  cost  and 
operating  expense  would  be  justified. 

Chain  handrails. — Extending  completely  around  the  coping  and 
across  the  miter  gate  is  a  chain  and  stanchion  handrail.  The  stan- 
chions are  removable  and  are  set  in  bronze  sockets  fixed  in  the 
masonry.  The  stanchions  are  galvanized  steel,  each  provided  with 
two  ej^es  through  which  pass  the  two  chains  which  constitute  the 
handrail.  The  upper  chain  is  3  feet  above  the  coping  and  the  lower 
chain  is  1  foot  6  inches  above  the  coping.  The  chain  is  made  up  of 
standard  close  links  of  five-sixteenths  of  an  inch  stock,  galvanized, 
and  each  length  of  chain  is  provided  with  a  tumbuclde  and  pull-up 
hook  so  that  the  chains  can  be  easily  slacked  off  when  desired.  Al- 
together, there  are  about  3,000  linear  feet  of  handrail,  including 
about  425  linear  feet  around  the  coping  of  Dry  Dock  No.  2.  The 
individual  chains  average  60  feet  in  length,  and  the  stanchions  are 
spaced  about  7  feet  6  inches  centers.  The  total  cost  of  the  material, 
which  was  purchased  under  Requisition  No.  2513-11,  was  $5,763.80. 

Bloching  system. — The  blocking  system  adopted  consists  of  a  row 
of  cast-iron  keel  blocks  on  the  longitudinal  center  line  of  the  dock; 
provision  for  two  rows  of  timber  docking  keel  blocks  on  each  side  of 
the  center  line;  and  a  system  of  sliding  bilge  blocks  at  12  feet  centers. 

The  blocks  are  nominally  4  feet  6  inches  high,  and  both  the  cast 
iron  and  timber  blocks  are  14  feet  thick. 

The  general  layout  of  the  blocking  system  is  shown  on  Plate  No. 
86.  The  range  of  fixed  keel  blocks  now  to  be  installed  is  916  feet, 
the  blocks  being  permanently  fixed  to  the  dock  floor,  4  feet  center  to 
center,  tln-oughout  this  length.  Sufficient  blocks  are  being  purchased 
to  enal3lc  intermediate  portable  blocks  to  be  set  to  give  a  2-foot  s])ac- 
ing  for  a  total  length  of  600  feet,  the  idea  being  to  set  these  inter- 
mediate blocks,  which  arc  identical  with  the  fixed  blocks,  where  the 
closer  spacing  is  required  by  the  weight  of  vessel  docked,  for  example, 
midcr  tlic  turrets  of  a  battleship. 

Mention  has  been  made  above  of  two  rows  of  docking  keel  blocks 
on  each  side  of  the  center  lines;  these  are  known  as  the  "narrow" 
range  and  "wide"  range,  respectively.  The  "wide"  range  has  been 
provided  to  take  care  of  vessels  of  great  beam,  such  as  the  latest 
types  of  battleships.  The  "narrow"  range  covers  a  length  of  850 
feet  of  dock  floor,  and  the  blocks  can  be  set  so  as  to  bring  their  inner 
top  ends  6  feet  from  the  center  line  of  the  dock,  their  outer  top  ends 
31  feet  9  inches  from  the  center  line  of  the  dock,  or  in  any  position 
intermediate  between  these  two  extremes.  The  "wide  "  range  covers 
a  length  of  636  feet  of  dock  floor,  and  the  top  outer  ends  of  the 
blocks  can  be  set  46  feet  from  the  center  line  of  tlie  dock. 
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The  slidinf;:  bilge  ])locks  cover  a  length  of  828  feet  of  dock  floor. 
The  slides  arc  at  12  feet  centers,  and  the  docking  keel  blocks  are  at 
4  fcH^t  centers,  hence  every  third  sliding  bilge  bh)ck  coincides  with  a 
docking  keel  block,  and  the  lower  structure  of  the  sliding  bilge 
block  will  be  used  as  a  docking  keel  block  when  not  required  as  a 
sliding  bilge  block.  The  inner  ends  of  the  sliding  bilgo  blocks  can 
be  set  anywhere  between  tlio  extremes  of  7  feet  3  inches  and  42  feet 
3  inches  from  the  center  line  of  the  dock,  the  range  thus  being  35 
feet. 

The  cast-iron  keel  blocks  are  detailed  on  Plate  No.  83.  Each 
])lock  consists  of  the  following  four  pieces: 

A  bottom  section  weighing  1,380  pounds. 

Two  "wedge"  sections  weighing  950  pounds  each,  and 

A  top  section  w^eighing  994  pounds. 

Thus  the  total  estimated  cast-iron  weight  of  each  assembled  block 
is  4,274  pounds.  The  sections  are  each  4  feet  long,  and  when  as- 
sembled from  a  pile  3  feet  4  inches  high,  the  remainder  of  the  nor- 
mal 4  feet  6  inches  height  being  made  up  of  a  10-inch  by  14-inch  tim- 
ber cap  and  a  4-inch  by  14-inch  timber  cushion  piece.  This  timber 
is  white  oak.  The  wedges  have  a  taper  of  tliree-fourths  of  an  inch 
in  12  inches,  and  since  two  wedge  pieces  are  provided,  the  block 
may  be  "taken  down"  by  driving  out  either  wedge.  The  top  of  the 
top  block,  the  bottom  of  the  bottom  block,  and  contact  surfaces  be- 
tween individual  blocks,  are  the  only  portions  which  are  machined. 
The  thickness  of  metal  is  generally  If  inches,  the  base  of  the  bottom 
block  being  2J  inches  tliick.  Contract  was  let  to  the  Kilby  Loco- 
motive &  Machine  Works,  of  Anniston,  Ala.,  for  381  of  these  blocks 
at  a  unit  cost  of  S87.62,  which  figures  slightly  more  than  2  cents  per 
pound.  Only  380  blocks  are  needed  for  the  dock;  the  remaining 
tilock  was  purchased  in  order  that  its  strength  might  be  tested  by 
loading  it  to  destruction, 

A  complete  keel  block  w^as  selected  at  random  from  the  fii^st  sets  of 
blocks  completed  and  shipped  to  the  Pittsburgh  laboratory  of  the 
Bureau  of  Standards,  for  test  in  the  10,000,000-pound  capacity 
testing  machine  in  that  laboratory.  These  tests  were  made  in 
February,  1916,  and  were  very  successful.  The  maximum  load  which 
the  keel  blocks  may  be  expected  to  bear  in  service  is  about  300,000 
pounds,  but  the  sample  block  when  loaded  for  the  full  4-foot  length 
of  the  top  block  withstood  without  failure  the  maximum  load  of 
10,000,000  pounds  which  the  testing  machine  was  capable  of  exerting, 
although  sharp  metallic  reports  were  heard  when  the  load  reached 
6,400,000  pounds  and  subsequently.  The  load  of  10,000,000  pounds 
implies  a  vertical  unit  compression  of  about  59,500  pounds  per  square 
inch  in  the  cast  iron  and  on  the  surfaces  of  contact  between  blocks. 
The  300,000  pounds  maximum  working  load  above  referred  to  implies 
a  corresponding  figure  of  1,780  pounds  per  square  inch,  but  of  course 
the  working  load  is  not  apphed  uniformly  over  the  entire  length  of  the 
block.  The  following  is  taken  from  the  report  made  by  Assistant 
Engineer  T.  M,  Post,  of  the  Washington  office,  who  conducted  the 
tests  of  this  block,  from  which  it  will  be  seen  that  the  capacit}^  of  the 
block  is  well  above  300,000  pounds  when  loaded  in  a  manner  similar 
to  what  may  be  expected  in  service,  no  evidence  of  distress  or  incipient 
movement  between   blocks  being  noticeable   under  loads   of  from 
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440,000  pounds  to  500,000  pounds  on  a  12-inch  length,  not  only  on  the 
center  of  the  block  but  also  8  niches  eccentric  either  side  of  the  center: 

The  timber  blocks  and  cap  pieces  were  of  first-class  quality  of  white  oak,  none 
having  any  defect  which  would  render  the  piece  unsuitable  for  the  purpose  of  arri\ing 
at  the  supporting  value  of  first-clasa  bearing  blocks  in  practice.  The  blocks  and  cap 
pieces  were  ordered  10  by  14  inches  and  4  by  14  inches,  respectively.  The  actual 
cross  sections  were  in  most  cases  9|  inches  by  13|  inches  and3|inches  by  13|  inches. 

The  pressure  plates  through  which  the  load  was  applied  to  cap  block  when  timbers 
were  used  were  of  cast  iron  14  inches  wide,  I-2  inches  thick,  12,  24,  and  36  inches  long, 
and  each  planed  on  both  faces. 

For  each  test  the  keel  block  was  so  placed  that  the  center  of  the  loaded  area  was 
coincident  with  the  center  of  the  testing  machine.  As  the  loads  were  applied  observa- 
tions were  made  on  each  side  of  the  specimen  to  determine  the  amount  of  compression , 
readings  being  taken  by  steel  scales  of  the  distance  from  the  underside  of  bearing  plate 
to  the  joint  between  cap  piece  and  top  block  and  also  to  the  toj)  edge  of  upper  casting, 
measured  under  the  center  of  pressure. 

The  following  table  shows  the  load  for  each  test  corresponding  to  the  approximate 
elastic  Limit  of  the  timber,  as  denoted  by  sharp  increase  in  the  rate  of  compression, 
also  the  maximum  load  carried.  These  maximum  loads  might  have  gone  higher,  but 
the  recorded  load  in  each  instance  corresponds  to  a  condition  where  the  structure  of 
the  timber  was  completely  broken  down,  and  further  continuance  of  the  tests  would 
have  been  at  the  expense  of  time  without  deriving  information  of  value. 


Test 

Length 

No. 

loaded. 

IncJies. 

1 

12 

2 

12 

2-A 

12 

3 

24 

4 

36 

5 

48 

Center  of  load. 


Load   at  approxi- 
mate elaslio  liniit. 


Total. 


Square 
inches. 


Maximum  load. 


Total. 


Square 
inches. 


At  center  of  specimen . . . 
8  inches  to  right  of  center 
8  inches  to  left  of  center. 
At  center  of  specimen . . . 

do 

do 


Povnd/t. 
140,000 
140,000 
14.'i,0()() 
250,000 
32.5,000 
400,000 


S45 
876 
876 
755 
657 
605 


Pounds. 
450,000 
440,000 

1500,000 
580,000 
725,000 
840,000 


2,720 
2,660 
1  3, 020 
1,750 
1,4.50 
1,270 


1  After  passing  elastic  limit  taper  sides  of  cast-iron  filler  came  into  bearing  against  cap  piece,  increasing 
the  loaded  area. 

Before  making  each  test  chalk  spots  were  made  on  each  side  of  keel  block  at  the 
several  joints  in  the  cast-iron  section  and  needle  line  scribed  across  the  joints  to 
detect  any  movement  of  one  casting  on  another  under  the  loading.  In  none  of  the 
tests  was  any  movement  of  this  sort  shown. 

In  making  metal-to-metal  tests  to  determine  the  strong!  Ii  of  the  cast-iron  keel  block 
a  cast-iron  plate  62  by  20  inches,  li  inches  thick,  planed  to  parallelism  lietween  faces, 
was  inserted  between  the  upper  casting  and  the  top  head  of  testing  machine  to  protect 
the  latter  from  indentation.  In  the  first  test  (No.  6  of  schedule)  load  was  applied  over 
the  whole  top  surface  of  the  assembled  keel  block.  No  developments  were  noted  as 
the  load  came  on  until  a  load  of  6,400,000  pounds  was  reached,  when  there  was  a  sharp 
metallic  report,  as  if  castings  had  been  struck  by  a  hammer.  At  intervals  there 
followed  other  reports,  none  of  them,  however,  accompanied  by  any  noticeable  falling 
off  of  the  load,  and  the  full  capacity  of  the  machine,  10,000,000  pounds,  was  reached 
without  showing  any  indication  of  failure  in  the  exterior  faces  of  the  castings.  _  I  took 
measurements  of  the  moving  together  of  the  heads  of  the  testing  machine,  which  is  a 
fair  measure  of  tlie  compression  in  the  a.ssembled  keel  block,  taking  initial  deter- 
mination at  40,000  poiuuls.  The  compression  corresponding  to  each  2,000,000  pounds 
increase  of  load  is  shown  by  the  figures  below: 


Load. 

Reading. 

rounds. 

Inches. 

40,000 

0.000 

2, 000,  (MM) 

0.061 

4,000.000 

0. 103 

6, 000,  (MM) 

0. 1,52 

,S,000,(M)() 

0.  225 

10,000.000 

0.362 
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The  load  was  llion  backed  off  and  tlie  castings  taken  down  and  examined.  A 
number  of  cracks  had  developed  iu  all  of  the  pieces — in  tlie  bottom  web  of  top  casting, 
in  the  horizontal  web  of  wedge  pieces,  and  iu  the  crosstics  of  bottom  casting. 

Ko  actual  break  had  occurred  in  any  of  the  sections,  and  the  keel  block  was  again 
pet  up  and  centered  in  the  machine  and  prepared  for  test  No.  7,  applying  the  load 
over  a  l(>ngth  of  3G  inches  through  pressure  plate  36  by  14  by  1.^  inches,  centered  over 
the  center  of  the  keel  block.  This  test  proceeded  without  any  development,  until  a 
load  of  6.0)00,000  pounds  was  reached,  when  the  first  metallic  report  was  given  out  by 
the  castings.  This  was  followed  by  other  reports  as  the  load  was  increased.  At 
9,330.000  pounds  cracks  were  observed,  developing  in  a  vertical  direction  across  the 
outside  face  of  the  top  casting,  also  across  the  lower  of  the  two  wedge  pieces  near  the 
middle.  At  9,350,000  pounds  the  keel  blocks  collapsed  with  a  crash,  l>reaking 
into  many  pieces.  The  bottom  casting  was  the  only  one  remaining  complete,  but  it 
was  badly  cracked.  The  wreckage  of  the  balance  included  only  three  pieces  of 
considerable  size,  the  large  end  portions  of  each  of  the  wedge  sections,  and  a  large 
piece  from  the  shallow  end  of  the  lower  wedge  casting,  which  still  rested  upon  the 
bottom  casting,  although  jarred  out  of  position. 

No  movement  occurred  between  the  several  castings  during  test  No.  6,  and  no 
slipping  of  castings,  one  on  another,  occurred  during  test  No.  7  previous  to  final  failiu-e. 
It  should  be  here  recorded  that  the  finished  inclined  surfaces  in  bearing  had  been 
kerosene-cleaned  before  tests  were  commenced,  but  same  were  free  of  oil.  < 

The  docking  keel  blocks  are  detailed  on  plate  No.  85.  Each  con- 
sists of  two  sticks  of  greenheart  14  inches  by  14  inches  by  8  feet  6 
inches,  one  stick  of  oak  10  inches  by  14  inches  by  7  feet  6  inches,  one 
stick  of  oak  12  inches  by  14  inches  by  6  feet,  and  an  oak  cushion 
piece  4  inches  by  14  inches  by  6  feet.  The  lower  portions  of  the  block 
are  firmly  bolted  together  so  as  to  form  a  permanent  block,  while  the 
two  upper  pieces  of  white  oak  are  secured  by  dogs  and  are  accord- 
ingly easily  removable.  The  docking  keel  blocks  are  to  rest  di- 
rectly on  the  concrete  dock  floor,  and  each  is  held  in  the  desired  place 
by  four  rods  each  provided  \^^th  a  hook  at  each  end,  and  with  a 
turnbuckle  for  adjustment.  The  upper  hook  engages  an  opening 
in  a  strap  secured  to  the  block,  while  the  lower  hook  engages  a  con- 
tinuous slot  sunk  in  the  dock  floor.  These  cast-iron  slots  are  made  in 
sections  about  7  feet  long,  and  are  provided  with  holding-down  bolts 
screwed  into  their  bottoms  and  set  in  holes  formed  in  the  masonry 
of  the  dock  floor.  The  object  of  this  detail  is  to  avoid  the  obstruction 
of  the  dock  floor  by  continuous  timber  bearers  permanently  secured 
in  place. 

The  shding  bUge  blocks  are  also  built  up  of  greenheart  and  white 
oak,  and  move  on  cast-iron  slides  permanently  secured  to  the  dock 
floor,  motion  being  imparted  to  the  block  by  chains  of  three-eighths 
of  an  inch  stock  rove  through  sheaves  and  operated  from  the  coping 
in  the  usual  manner.  The  sliding  bilge  blocks  and  appurtenances 
are  detailed  on  plate  No.  85,  and  the  cast-iron  sHde  and  its  appur- 
tenances are  detailed  on  plate  No.  84.  Each  assembled  shde  con- 
sists of  five  iron  castings  laid  end  to  end,  which  project  3^  inches 
above  the  dock  floor  and  are  provided  with  a  toothed  rack  cast  in 
place  and  mth  overhanging  edges  to  engage  the  holding-do's\Ti  hooks 
of  the  bilge  blocks.  Each  assembled  bilge-block  shde  recpircs  an 
estimated  weight  of  3,334  pounds  of  cast  iron,  115  pounds  of  cast 
steel,  and  2. 86  pounds  of  bronze.  Contract  for  these  parts  was  let 
to  the  Ejlby  Locomotive  &  Machine  Works,  of  Anniston,  Ala.,  at  a 
unit  cost  for  the  102  shdes  originally  ordered  of  $65  for  the  cast  iron 
and  $18.37  for  the  cast  steel  and  bronze,  a  total  of  $83.37.  The  order 
was  subseq^uently  increased  to  140,  and  it  was  necessary  to  increase 
the  unit  price  to  $113.05  for  such  of  the  additional  parts  as  could  not 
be  purchased  under  the  increase  clause  of  the  original  contract. 


228  THE    PAXAMA    CAXAL. 

Capstans. — The  dry  dock  proper  is  provided  with  9  capstans,  one 
at  each  side  of  the  entrance,  one  at  the  head,  and  thi-ee  along  each  side 
wall,  these  latter  being  spaced  277.5  feet  centers.  In  addition  there 
are  two  similar  capstans  set  outside  the  entrance  to  the  dock  at  a 
distance  of  about  350  feet  from  the  entrance,  on  either  side  of  the 
entrance  basin  leading  to  the  chy  dock,  to  assist  in  centering  vessels 
about  to  enter  the  dock. 

These  11  capstans  are  identical  in  power  and  construction.  Each 
is  required  to  be  capable  of  exerting  a  rope  pull  of  35,000  pounds  at  a 
speed  of  30  feet  per  minute,  or  of  8,000  pounds  at  a  speed  of  120  feet 
per  minute,  and  the  speed  regulation  is  recpiired  to  be  such  that  for 
either  of  the  rope  puUs  above  mentioned  speeds  approximating  25 
per  cent,  50  per  cent,  and  75  per  cent  of  the  respective  speeds  can  be 
obtained.  The  capstan  barrel  is  driven  by  an  electric  motor  tlu-ough 
a  worm  and  wheel.  The  worm  is  coupled  direct  to  the  motor  shaft, 
no  intermediate  gearing  being  provided.  A  solenoid  brake  is  pro- 
vided to  i^revent  the  motor  being  overhauled  by  any  rope  pull.  Each 
capstan  sets  in  a  concrete  pit  8  feet  6  inches  by  14  feet,  approximately 
4  feet  8  inches  deep.  Each  of  these  pits  is  provided  with  a  seK- 
draining  cover  which  leads  rain  water  to  outlets  in  such  manner  that 
no  water  falls  on  the  machinery  in  the  pit.  The  controller  shaft 
is  brought  up  tlu'ough  the  pit  cover  and  an  extension  handle  is  pro- 
vided, so  that  the  capstan  can  be  controlled  by  a  man  in  a  standing 
position,  who  need  not  be  less  than  9  feet  from  the  capstan  barrel. 

Proposals  for  these  11  capstans  were  invited  under  Cu'cular  No. 
975  and  the  following  bids  were  received: 

From  the  x4.merican  Engineering  Co.,  Philadelphia,  Pa.,  9  proposals 
ranging  from  $50,930  to  $56,650,  depending  on  the  insulation  of  the 
motor  and  the  presence  or  absence  of  intermediate  gearing.  Sole- 
noid brakes  were  offered  at  from  $1,980  to  $2,475  additional.  The 
time  of  delivery  offered  ranged  from  220  to  235  days. 

From  the  Hyde  Windlass  Co.,  Bath,  Me.,  1  proposal,  $57,695; 
time  of  dehvcry,  310  days.  This  proposal  included  gearing  between 
motor  and  capstan  base. 

Contract  was  awarded  to  the  American  Engineering  Co.  on  the 
basis  of  its  proposal  No.  2,  including  solenoid  brakes,  the. contract 
price  being  $58,960,  and  time  of  dehvery  235  days. 

Bollards. — The  type  of  bollard  adopted  is  sho\m  on  plate  No.  87, 
and  is  of  cast  iron  lilled  with  concrete.  The  top  of  the  bollard  is 
3  feet  6  inches  above  the  concrete,  and  the  barrel  is  1  foot  6  inches  in 
diameter  at  the  top,  tapering  to  1  foot  4  inches  diameter  just  above 
the  concrete  base,  an  apron  or  collar  being  cast  integral  with  the  bol- 
lard to  form  a  finish  and  to  prevent  wear  of  rope  between  bollard  and 
concrete  base.  Each  bollard  is  provided  with  a  "hump"  1  foot  10 
inches  from  its  top;  the  bollard  is  set  so  that  this  "luimp"  is  on  the 
side  away  from  the  dock  coping.  Bollards  of  similar  dimensions  are 
used  on  the  entrance  pier,  but  the  "hump"  is  replaced  by  a  3-inch 
diameter  "norman"  which  extends  com])letely  through  the  shaft 
of  the  bollai-d  and  projects  4  inches  on  either  side.  ISIodifications 
are  made  in  the  detail  of  the  bases  of  the  bollards  to  suit  the  conditions 
of  their  emplacement;  the  greater  part  of  those  around  the  dry  dock 
are  provided  with  a  4-f()ot  extension  below  the  surface  of  the  con- 
crete base,  this  extension  being  1  foot  4  inch(>s  in  diameter  and  set 
in  a  socket  formed  in  the  concrete  base.     For  the  entrance  pier,  this 
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docp  baso  is  replaced  by  a  shallow  spread  base  which  is  provided 
with  holes  for  four  1  |-hich  diameter  anchor  bolts  set  on  the  corners 
of  a  25-inch  square. 

50-ton  locomotive  crane. — Mention  was  made  in  the  last  annual 
report  of  provision  for  a  50-ton  locomotive  crane  to  serve  not  only- 
Dry  Dock  No.  1,  but  also  adjacent  wharves.  Proposals  were  in- 
vited under  Circular  973  for  furnishing  fabricated  material  for  this 
crane,  the  erection  of  which  is  to  be  clone  by  The  Panama  Canal. 
But  one  proposal  was  received,  this  being  from  the  American  Hoist 
&  Derrick  Co.,  of  St.  Paul,  Minn.,  the  contract  price  being  $57,679.50. 
This  crane  will  be  provided  with  three  hoists  known  as  main  hoist, 
auxiliary  hoist,  and  whip  hoist,  of  50  gross  tons,  15  gross  tons,  and 
3  gross  tons  rated  capacity,  respectively.  It  runs  on  a  track  con- 
sisting of  two  135-pound  rails  laid  22  feet  center  to  center  on  tangents, 
and  is  supported  on  eight  2-wheel  trucks,  making  a  total  of  16  wheels. 
The  traveling  structure  is  articulated  to  enable  the  crane  to  pass 
the  various  curves,  the  minimum  radius  of  which  is  86  feet  2  inches 
to  center  line  of  track;  this  cm^ve  follows  the  semicircular  head  of  the 
dry  dock. 

The  main  hoist  has  a  maximum  reach  of  87  feet  from  the  center  of 
the  track  and  a  hoisting  speed  of  not  less  than  10  feet  per  minute. 
The  auxiliary  hoist  has  a  radius  of  97  feet  from  the  center  of  the  track, 
and  the  speed  of  hoist  is  not  less  than  20  feet  per  minute.  The  whip 
hoist  has  a  radius  somewhat  greater  than  the  auxiliary  hoist,  and  a 
hoisting  speed  of  not  less  than  40  feet  per  minute.  The  power  is 
steam,  with  oil  burning  boiler,  and  the  crane  is  self-contained  and 
self-propelling,  of  steel  construction  throughout.  Delivery  will  not 
commence  before  the  early  part  of  the  calendar  year  1917. 

Status  of  office  worlc. — At  the  date  of  this  report  all  construction 
drawings  have  been  completed  for  Dry  Dock  No.  1.  There  are  still 
under  way  the  detail  construction  drawings  for  the  concrete  deck  and 
beam  encasement  of  a  section  of  quay  wall  known  as  "C-D-E,"  which 
is  located  to  the  north  of  Dry  Dock  No.  2  and  covers  an  irregular  area 
about  120  feet  square.  This  section  of  quay  wall  supports  a  portion 
of  the  track  for  the  50-ton  locomotive  crane  and  two  standard-^auge 
tracks,  and  when  it  has  been  built  it  will  complete  the  quay  wall  con- 
struction now  authorized  in  this  vicinity.  The  structural  steelwork 
is  not  expected  to  arrive  on  the  Isthmus  until  after  the  close  of  this 
fiscal  year. 

The  pumping  machinery  is  expected  to  be  in  condition  to  enable  the 
contract  acceptance  tests  to  be  commenced  shortly  after  the  begin- 
ning of  the  fiscal  3'ear  1917,  at  which  time  the  operation  of  the  flooding 
and  sluice  valves  will  also  be  tested. 

ENTRANCE    PIER    NO.    9. 

Last  annual  report  gave  the  general  dimensions  of  future  Dry  Dock 
No.  2.  As  stated  in  that  report,  the  south  wall  of  this  dock  forms  a 
part  of  the  entrance  pier  to  Dry  Dock  No.  1 ;  the  dimensions  of  this 
pier  were  given  in  the  1915  report  as  59  feet  wide  by  350  feet  long. 
During  the  fiscal  j-ear  1916  the  entrance  pier  has  been  completed, 
including  an  extension  at  its  westerly  end,  with  the  result  that  the 
completed  pier  is  480  feet  long,  of  which  the  " original"  portion  is  59 
feet  wide  by  348.5  feet  long  and  the  extension  is  37  feet  wide  by  131.5 
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feet  long.  The  extension  will  serve  as  an  entrance  pier  for  future 
Dry  Dock  No.  2,  and  it  has  been  built  in  such  manner  that  it  will  act 
as  a  cofferdam  in  excluding  water  from  the  excavation  for  Dry  Dock 
No.  2,  when  the  construction  of  that  dock  is  resumed. 

All  construction  drawings  have  been  completed  for  the  entrance 
pier,  and  no  material  remains  to  be  purchased  on  requisition. 

RADIO   STATIONS. 

The  1915  report  stated  that  the  radio  stations  at  Darien,  Colon,  and 
Balboa  were  practically  completed  during  that  fiscal  year.  The  few 
outstandmg  matters,  such  as  cleaning  up  and  the  completion  of  the 
subsequently  authorized  operating  platforms  on  the  towers,  were  fin- 
ished early  in  the  fiscal  year  1916,  and  the  inspection  force  was  dis- 
banded on  August  30,  1915. 

FLOATING   CRANES. 

Assistant  Engineer  Henry  Schoellhorn  continued  in  charge  of  the 
inspection  of  the  Ajax  until  his  work  was  completed.  He  left  the 
Isthmus  on  November  30,  1915. 

The  Hercules  has  been  tested  and  accepted  by  The  Panama  Canal 
on  March  30,  1915,  and  assigned  to  the  mechanical  division  for  opera- 
tion. At  the  beginning  of  the  present  fiscal  j^car  the  repairs  to  tiie 
damaged  superstructure  of  the  Ajax  had  been  completed  and  all  the 
material  for  the  new  jib  which  had  been  manufactured  at  the  con- 
tractor's home  works  in  Germany  had  been  received  on  the  Isthmus 
during  June,  1915.  The  jib  of  the  Hercules  and  the  original  jib  of  the 
Ajax  were  placed  at  Gatun  Locks.  As  the  assignment  of  a  lock  cham- 
ber for  this  purpose  was  not  possible,  to  place  the  new  jib  of  the  Ajax 
the  contractor  decided  to  assemble  the  new  jib  on  the  ground  at  Dock 
No.  14  in  two  sections  and  to  hoist  the  sections  separately  into  place 
by  the  Hercules.  The  larger  section  includes  the  heel,  or  pivot,  end 
and  weighs  about  109  long  tons  and  was  assembled  and  riveted  on  the 
deck  of  the  Ajax.  The  smaller  section,  forming  the  head  of  the  jib, 
weighed  about  50  long  tons  and  was  erected  on  the  ground  back  of 
Dock  No.  14. 

The  work  of  raising  the  jib  by  the  Hercules  began  on  August  4, 
1915,  and  the  first  or  larger  section  was  handled  into  place  without 
any  mishap.  On  August  7  the  smaller  section  was  placed  and  con- 
nected to  the  first  section.  The  contractor  completed  his  work  and 
ofi'ered  the  Ajax  for  acceptance  test  on  September  1,  1915.  The  crane 
was  subjected  to  the  same  contract  tests  that  were  required  of  the 
Hercules,  including  the  20  per  cent  excess  test  loads  for  the  main 
hoists,  deck  load  test,  the  auxiliary  hoist  tests,  stability  tests,  the 
safeguards  against  complete  breakdown  were  tested,  and  the  speed 
of  the  different  operations  and  the  power  required  were  recorded. 
Measurements  were  made  of  the  inclinations  and  freeboards  for 
each  load  at  the  rated  reach  with  the  jib  overend  and  the  jib  over- 
side. The  tests  were  satisfactory  and  all  requirements  of  the  con- 
tract were  met.  The  tests  were  completed  on  September  18,  1915, 
and  the  crane  was  taken  over  for  operation  by  the  dredging  division 
on  September  21  and  was  fonnally  accepted  on  September  30,  1915. 
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Assistant  Engineer  W.  Rowland  continued  in  immediate  charge  of 
design  and  office  engineering  during  the  vear,  connected  with  Pacific 
terminal  docks  Nos.  1,  6,  7,  13,  14,  15, 16,  l7,  19,  and  Pier  No.  18,  until 
this  work  was  completed  on  May  10,  1916. 

The  work  of  this  section  included  the  following: 

Pier  No.  18. — Drawings  were  completed  and  requisition  prepared 
for  the  900-ton  steel  collars  or  ties  for  bents  20,  25,  30,  and  35.  The 
plans  which  were  followed  for  decking  the  center  part  of  the  pier,  con- 
sisting of  brick  laid  on  a  coral  fill  inclosed  by  a  concrete  wall  supported 
by  wooden  piles,  were  completed.  Plans  and  requisitions  were  pre- 
pared for  two  10-ton  railroad  depot  scales  and  also  for  the  twenty-two 
3-ton  cargo-handling  booms,  which  are  supported  by  the  vertical  col- 
umns with  brackets  27.5  feet  above  the  floor  of  the  pier.  The  pier-shed 
offices  included  baggage  room,  baggage  office,  mail  room,  and  toilets, 
and  the  plans  for  the  same  were  prepared  along  the  lines  desired  by 
the  Panama  Railroad.  Drawings  in  connection  with  the  various 
details  were  completed. 

Docls  Nos.  14,  15,  and  16. — The  layout  of  air  and  water  pipes, 
electric  light,  power  and  telephone  conduits  were  revised  to  meet  the 
operating  requirements,  and  work  requests  were  issued  on  the  differ- 
ent divisions  concerned  for  the  installation  thereof.  To  prevent  dam- 
age to  the  vertical  fenders  a  system  of  horizontal  floating  fenders  was 
designed.  Since  these  horizontal  fenders  have  been  installed  no 
repairs  to  the  fender  system  have  been  necessary. 

Unloader  wharf  No.  7. — Local  conditions  prevent  the  building  of 
the  standard  buttress  for  bents  39  and  40.  In  bent  39  only  the  rear 
part  of  the  buttress  was  built  to  rock  and  a  6-foot  cylinder  was  sunk 
near  the  front  face  of  the  wharf.  A  deep  reinforced  concrete  gir- 
der, resting  thereon  was  designed  to  support  the  decking.  In  bent 
No.  40  four  6-foot  cylinders  were  sunk,  and  a  continuous  reinforced 
concrete  girder  13  feet  deep  was  designed,  connecting  the  cylinders 
and  carrying  the  beams  01  the  decking  and  the  apron  wall. 

The  water  piping  was  revised  to  provide  connections  from  which 
to  feed  the  boilers  of  the  unloader  towers.  Two-inch  outlets  with 
connections  for  feed-water  hose  of  the  unloader  towers  were  spaced 
every  100  feet.  The  cast-iron  outlet  boxes  for  the  new  outlets  were 
ordered  from  the  mechanical  division. 

Eeloader  wharf  No.  6. — Drawings  for  the  structural  steel  decking 
were  finished  and  checked.  Drawings  for  the  bracing  between  the 
cylinders  and  for  the  cylinder  reinforcement  were  completed.  To 
avoid  excessive  earth  pressure  the  back  fill  was  sloped  up  behind  the 
dock  to  1^  to  1,  leaving  an  opening  about  25  feet  between  the  top  of 
the  slope  and  the  rear  of  the  wharf.  A  driveway  was  provided  to  the 
wharf  at  the  trestle  loop.  Plans  for  the  anchorage  S3^stem  were  com- 
pleted, including  a  continuous  concrete  wall,  except  for  nine  bents 
at  the  south  end  of  the  wharf,  where,  on  account  of  interference 
caused  by  adjacent  structures,  individual  anchors  were  adopted. 
Drawings  were  prepared  for  the  piping  for  fuel  oil  and  compressed  air, 
with  valves  and  service  connections  underneath  the  front  face  of  the 
dock.  The  outlets,  with  hose  connections,  aire  located  in  manholes 
cored  out  in  the  deck  slab,  and  closed  with  cast-iron  covers.  A  6-inch 
water  main  is  supported  by  reinforced  concrete  brackets  at  the  rear 
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face  of  the  dock,  with  4-mch  branch  hnos  provided  with  meters  and 
gate  valves,  carried  on  the  floor  of  the  dock  below  the  viaduct,  and 
protected  by  a  reinforced  concrete  box  with  iron  cover. 

Docks  Nos.  17  and  i P.— During  the  year  the  drawings  were  com- 
pleted for  the  four  reinforced  concrete  pontoons  forming  the  small- 
boat  landings  at  Docks  Nos.  17  and  19.  A  design  was  developed  of 
collapsible  lorms  for  the  concrete  above  the  construction  joint  in 
such  a  way  that  all  parts  could  be  passed  through  the  18-inch  man- 
holes. The  setting  of  reinforcing  bars,  as  well  as  the  buildmg  and 
assembling  of  forms  was  checked  twice  a  week  while  work  was  in 
progress.  These  pontoons  are  similar,  with  over-all  dimensions 
28  feet  2  inches  beam,  120  feet  6  inches  long,  and  8  feet  deep.  They 
are  designed  for  a  freeboard  of  3  feet,  with  bottom  and  side  slab  5 
inches  thick,  ends  10  inches  thick,  and  deck  slab  4  inches  thick.  On 
the  latter  was  provided  a  2-inch  wearing  surface  of  asphaltic  con- 
crete. The  poontons  have  a  system  of  two  longitudinal  4-inch  bulk- 
heads and  five  transverse  4-inch  bulkheads  dividing  each  pontoon  in- 
to 18  water-tight  compartments.  In  addition  there  are  12  transverse 
frames. 

CONSTRUCTION    WORK,    FIELD    ENGINEERING    AND    INSPECTION. 

Pacific  TEiniiXALs. 

General  Superintendent  J.  A.  Walker  continued  in  immediate 
charge  of  all  construction  work,  including  shops,  dry  dock,  wharves 
and  piers,  coaling  plant,  Sosa  Hill  excavation  and  other  construc- 
tion work  performed  by  this  subdivision  until  August  2,  1915,  when 
he  resigned  to  enter  into  contracting.  He  was  assisted  by  Assistant 
Engineer  H.  D.  Hinman,  who  was  also  in  immediate  charge  of  field 
engineering  and  inspection  of  all  construction  and  contract  work. 
From  August  3,  1915,  to  April  30,  1916,  Assistant  Engineer  H.  D. 
Hinman  was  in  charge  of  all  construction  work,  field  engineering, 
and  the  inspection  of  all  contract  and  construction  work.  From 
August  3,  1915,  until  he  resigned,  effective  April  2,  1916,  Mr.  E.  W. 
Baldwin  held  the  position  of  supervisor  in  the  Pacific  terminals 
organization. 

OEXERAT.. 

There  were  excavated  during  the  year  587,336  cubic  yards  of 
material;  511,092  cubic  yards  were  excavated  from  Sosa  Hill  and 
424,231  cubic  yards  of  this  were  delivered  to  the  east  breakwater 
at  the  Atlantic  end  of  the  canal.  The  remaining  amount  of  material 
was  used  for  miscellaneous  purposes,  such  as  back  fill  around  dry 
dock,  docks,  wharves,  and  yards  at  Balboa,  and  furnished  to  other 
divisions.  In  connection  with  excavation,  the  removal  of  the  cof- 
ferdam, and  with  the  dry  dock  and  Sosa  Hill  quarry,  there  were 
drilled  245,813  linear  feet  of  holes  and  223,369  pounds  of  explosives 
were  used.  There  were  48,781  linear  feet  of  railroad  track  laid,  and 
59,949  linear  feet  were  removed.  A  total  of  71,648  cubic  yards  of 
concrete  was  placed — 26,780  cubic  yards  being  classified  as  "mass" 
and  44,868  cubic  yards  as  "reinforced."  There  were  used  in  con- 
nection with  placing  concrete  4,290,571  pounds  of  reinforcing  steel; 
and  there  were  embedded  in  this  concrete  2,121,013  pounds  of  fixed 
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Stool.  Thorc  wore  137,190  linear  foot  of  pilos  driyen  on  miscellane- 
ous work  around  the  terminals.  Most  of  tlio  caisson  work  was 
nerfonned  for  the  reloader  wharf  and  for  Dock  No.  13  (quiy  wal 
C-D-E),  necessita  mg  3,658  hnoar  foot  of  caisson  ponotratioi  \lTere 
jvere  approxnnatdy  7,006.98  tons  of  structural  iteol  erected  during 
Z  l^Lri^ZF'!^:^:'''  '-'-'^'^  '''''^  ^^^  -  connection  ^ 


DRY   DOCK    NO.    1. 


Concrete.-Eavly  m  the  year,  the  excavation  and  cleanino-  of  the 
rock  in  prepanng  foundations  was  completed.  Most  of  the  mass 
concrete  liact  been  placed  at  the  end  of  tL  last  fiscal  year-that  re- 
^Tf^^1^^^  '^^"^-  ^«"^P"l^^g  tl^^'  "^trance  on  each  side,  the  pump- 

^Innf  Tl^  '^^^'^^^  "^^'^"^  ^"'  1^^^  *^  accommodate 'the  mS. 
plant.  The  reinforced  concrete  to  be  placed  was  for  several  machin? 
rooms  the  copings,  drains,  and  gutters  and  numerous  snSu  lots 
around  the  metal  parts  and  the  coping  level.  The  mixing  pint  was 
described  m  last  year's  report.  It  remamed  in  servicS  i  nril  Tl?e 
latter  part  of  August,  when  it  was  removed  and  the  mixers  moun  ed 
on  cars  fittec  with  a  tower  and  chutes  for  delivering  the  Concrete 
into  fomis-this  plant  bemg  weU  adapted  where  sifall  quantTties 
were  required  at  c  ifferent  points,  on  acc-ount  of  the  ease  wXXch 
It  could  be  moved.  The  progress  of  tho  work  was  materially  h^. 
dered  on  account  of  delays  in  shipments  of  fixed  irons  due,    f  paS 

bottoms'^'^Thtl  ''f^'rV^  ^.^i^^d^  ^  the  States  and  scarci  y  of 
bottoms.  Ihe  trestle  leading  into  the  dry  dock  was  dismantled  in 
December,  1915,  and  the  fioo?  was  finished  in  January,  1T16  T  ere 
were  placed  during  the  year  12  897  cubic  yards  of  mass  concrete  and 
17,617  cubic  yards  of  reinforced  concrete,  in  which  1,043,366  pounds 
of  mnforcmg  steel  and  1,122,236  pounds  of  fixed  steel  Were  embSd 
The  average  unit  cost  to  April  30  of  mass  concrete  in  the  dry  dock 
yard  ^'''  ^      '  ""'  reinforced  concrete,  $6.74  pe?  cubic 

beW^foVTho  f>?'^'  ^'^^'^'1  ^^T^S.^^^  niiter  siU,  or  bottom 
DeaTing  tor   the  gate,   were  placed   during   the   fiscal   year      One- 

The'bwlff '''  -""'Kr'  """^^^^  "^  setting^hem  for  dressing  dowS. 
Ine  blocks  forming  the  quom  posts,  or  vertical  bearincrg  wer^Dl-iced 
early  in  the  fiscal  year,  throe-eighths  inch  being  aUowe'crforXis W 

¥h  ^Iifitrsea'tSrfl^T^-*^  ^''^^  ''''  ^^-^--  to  a  true  ^kSf: 
finfshfd  off  %t  1*  'f  floating  caisson  was  also  put  in  placi  and 
bmshcd  oli.  Special  stool  templates  were  prepared  to  gau-e  the 
surfaces;  and  the  work  was  done  with  such  nicety  that  who!i  finished 
the  maxmuim  variation  of  the  granite  caisson  sill  from  a  true  Sane 
was  one  thirty-second  of  an  inch.  The  maximum  vSiation  of  ?he 
vortical  quom  posts  from  a  true  surface  was  one  sixty-fouTth  of  a^^ 
Z'fCtn  ^^'^-'ri'T,  «f  t];<^  posts  where  stool  boars  aS  grani'e 
truP  Tli  -  t'w  ^  ^'''  *.^^?  ^V^  four-thousandths  of  an  indi  from 
true  The  jomts  between  aU  blocks  were  faced  off  with  sheet  load 
Miter  ^a^^.-The  south  loaf  of  the  dock  gate  was  erected   riveted 

D;lfc  iT  T,r%^^  "^Tf^^'  2.^'  '^'''  -d  the  noiVlIaf  by 
JJecembor  14    1915.     The  cost  of  erecting  the  gate  leaves,  exclusive 

ion,  to  April  dO,   191C.     The  greenheart  for  the  miter  gate  and  for 
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otlier  purposes  connected  with  the  dry  dock  came  from  British 
Guiana.  That  for  the  quoin  ends  and  miter  ends  was  placed  after 
the  gates  had  been  put  into  position,  working  from  the  floor  of  the 
dry  dock.  The  final  finishing  was  not  completed  until  the  end  of 
March.  The  gate  leaves  were  swung  to  open  position  in  order  to 
facihtate  the  adjusting  of  the  greenheart.  In  order  to  relieve  the 
pintles  of  a  part  of  the  load,  carriages  with  wheels  running  on  rails 
fixed  to  the  floor  were  temporarily  connected  to  the  underside  of  each 
leaf  near  its  free  end.  After  the  leaves  were  tested  for  water-tightness, 
they  received  inside  and  out  a  coat  of  bitumastic  solution  and  one  of 
enamel. 

Pumping  plant. — The  machinery  for  the  pumping  plant  for  unwater- 
ing  the  dock,  contracted  for  by  Henry  R,  Worthington  (which  was 
described  in  the  annual  report  of  1915),  began  to  arrive  in  January, 
1916.  Erection  was  started  in  February,  since  which  time  it  lias 
gone  forward  as  rapidly  as  possible.  The  contractor's  representative, 
Mr.  Ira  W.  Dye,  has,  in  accordance  with  the  terms  of  the  contract, 
acted  as  superintendent  of  erection  for  The  Panama  Canal.  AU  of  the 
various  pumping  units,  with  motors  and  valves,  have  been  installed, 
as  has  also  the  greater  portion  of  the  brass  pressure  piping  for  hydrau- 
licaily  operating  the  valves.  The  pressure  pumps  and  accumulator 
have  been  set  up,  but  have  not  yet  been  connected.  There  remain 
to  be  placed  the  control  or  operating  table,  after  which  all  iron  sur- 
faces are  to  be  coated  with  bitumastic  enamel.  All  conduits  for 
electric  ^\^ring  have  been  put  in  and  electric  indicator  boxes  attached 
to  the  valves.  The  electrical  control  panels  have  been  partly  erected 
and  will  be  comj^leted  and  all  connections  made  by  the  time  the 
pumps  are  made  ready  for  the  tests. 

Flooding  and  sluice  valves.— The  valves,  including  operating 
machinery  and  housings  or  guides,  were  furnished  by  R.  D.  Wood  & 
Co.  A  description  was  given  in  the  annual  report  of  1915.  The 
sluice-valve  housings  were  embedded  in  the  monofithic  concrete. 
Recesses  were  left  in  the  concrete  for  the  housings  of  the  flooding 
valves  and  sudsi<liary  guard  valves,  thus  allowing  a  more  accurate 
aligning  and  rigid  bracing  when  they  were  concreted  in.  The  valves 
arrived  in  February,  1916.  Forces  of  the  mechanical  division  fabri- 
cated the  greenheart  and  fir  guard  valves,  which  were  installed  by 
this  division  in  April.  At  the  end  of  May  the  flooding  valves  with 
pressure  piping  were  practically  completed,  and  the  sluice  vnlves  were 
85  per  cent  completed.  Installation  of  the  control  table  had  not  been 
started. 

Keel  and  bilge  hlocJcs. — The  transverse  slots  across  the  floor  at  4-foot 
mtervals  tliroughout  the  entire  length  of  the  dock  were  made  by 
tripod  drills,  together  with  holes  for  anchor  bolts.  Where  the  floor 
was  accessible  this  work  was  finished  on  Marcli  30,  1916.  Owing  to 
the  delay  in  the  delivery  of  the  keel  and  bilge-block  material,  including 
the  holding-down  slots  and  bolts,  the  placing  of  the  blocking  system 
had  not  been  started  on  May  31.  To  provide  a  true  plane  worldng 
surface  for  the  floor  of  the  dock  in  placing  the  trougn  sections  for 
holding-down  bolts,  it  is  proposed  to  finish  the  floor  ofl'  throughout  its 
full  length  and  for  a  width  of  66  feet  with  a  cement  mortar  finish  to 
elevation  minus  39.4. 
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KNTKANCE    BASIN. 

Excavation.— No  excavation  was  necessary  in  tlie  entrance  basin 
during  this  year,  except  some  handwork  in  connection  with  placing 
a  concrete  apron  in  front  of  the  entrance  of  Dry  Dock  No  1  and 
levehng  the  bottom  of  this  basin  so  that  it  would  ail  bo  below  elevktion 
minus  4o.  AU  tracks  and  other  material  were  removed  prior  to 
April  1,  1916. 

6'#er^am.— The  cofferdam,  wliich  has  held  the  water  out  of  the 
area  occupied  by  the  dry  dock,  unloader  wharf,  entrance  pier,  and 
basin,  was  drdled  for  blasting  during  February,  March,  and  April. 
Ihe  cofferdam  was  blasted  on  tlie  outer  side  in  smaU  shots,  as  much 
as  possible  before  making  the  final  shot  completely  throuo-h  it      The 
drl^'Tro^?Qn  r ''''  "i  three  shifts,  using  weU  drills,  and  ther^  were 
drilled  69,680  linear  feet  of  holes  at  a  labor  cost  of  approximatelv  17^ 
centos  per  Lnear  foot      In  order  that  the  drilhng  might  extend  out- 
ward toward  the  canal,  as  far  as  where  the  rock  surface  lay  at  about 
elevation  minus  45,  a  wooden  trestle  was  driven,  and  the  wcU  drills 
were  worked  from  it      Sufficient  drffling  was  done  by  April  1  to  permit 
an  opening  to  be  blasted  through  the  cofferdam  approximately  180 
teet  wide,     ^o  dredges  being  avaffablo,  it  was  not  until  April  23  that 
the  mam  blast,  consisting  of  about  14,000  pounds  of  60  per  cent 
dynamite  was  made.     The  shot  was  made  as  smaU  as  possible  so  that 
t^iere  woidd  be  less  likelihood  of  doing  injury  to  the  near-by  structures 
Before  shooting,  water  was  pumped  into  the  entrance  basin  and  dry 
1     T.V  '^i"^^^  ^""^  ^^'  *^  elevation  minus  15.     The  concrete  baro-es 
which  had  been  constructed  on  the  floor  of  the  dry  dock,  were  floiTted 
out  and  moored  to  the  dock  walls  in  the  entrance  basin.     As  soon  as 
the  shot  was  made  and  the  concrete  barges  had  been  floated  out  of  the 
dry  dock,  the  entrance  gates  were  closed,  and  after  some  portable 
pumps  had  been  mstaUecT,  the  dock  was  pumped  out  and  it  £as  been 

mder^Tit*  "'^''''''  ^'''""  ^''^'^''^  *^  ^'  thoroughly  tight 


ENTRANCE   PIER   NO.    9. 


The  gravity  wall,  wliich  was  designed  to  form  the  south  wall  of 
nroposed  Dry  Dock  No.  2,  was  completed  last  fiscal  year.     Of  the 

sS  de^cHn"'"^  Ti  ^^''''  ^^'^  remained  the  head  waU  and  the  concrete 
steel  decking.     These  were  completed  m  March,  1916.     In  January 

aDDrotef'Tr  ''V'''  *"  the.gravity  waU  at  its  outer  end  w2 
appioved  lliis  extension  consists  of  a  steel  and  concrete  deck 
IfFFTf  ""V  ^«f ol^.thi«  co^^crete  piers.  The  site  was  excavated  by 
steam  shovel,  and  rail  anchorages  were  put  into  the  rock.  A  curtain 
SiHlbebud't''  ^t7'^''\*^  ^"^  ^'  ^  cofferdam  when  Dry  Dock  No.  2 
fender  n^?..  tT  ^'^*^^^^\^^^  ^^1  completed  before  April  1,  including 
aTd  heSf  woll  ^'.'S '^'''tP^^'''V^^?^S  ^^'^  y^''^^  "^  *^^«  ^"tknce  pie? 
?o^f^  1  '  ^r^"^  ^V^'^  y^'^^^^  ^^  ^^'^ss  ^'^^  3,966  cubic  yards  of 
IZif  A  T'.TK^  ^^^  ^^^'^'-^  ^^^^  P^^'  cubic  yard  of  mass  con- 
Siicre?e  SS  74    '  "'        entrance  pier,  was  S4.76,  and  of  the  rcmforced 
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COALING   PLANT. 

General. — Tlie  coaling  plant  has  been  described  in  previous  reports. 
The  work  performed  this  fiscal  year  consisted  of  a  continuation  of  the 
construction  of  the  coal  pockets  and  wharves  by  The  Panama  Canal, 
and  of  the  erection  of  the  coal-handling  machinery  by  the  contractors. 

Coal  ■poclcets. — There  were  excavated  1,760  cubic  yards  of  rock. 
The  Panama  Railroad  tracks  were  removed  from  the  site  of  the  east 
coal  pocket,  and  the  excavation  in  this  pocket  completed,  the  floor 
being  leveled  and  rip-rap  retaining  walls  built.  All  the  rip-rap  walls 
around  the  coal  pockets  were  completed  at  the  end  of  April,  with  the 
exception  of  the  north  half  of  the  west  coal  pocket  in  the  vicinity  of 
the  anchor  wall  behind  the  reloador  wharf.  Prior  to  flooding,  cross- 
sections  from  which  the  capacity  of  the  pocket  could  later  be  com- 
puted, were  taken  over  the  subaqueous  area. 

Vnloader  wliarf,  Doclc  No.  7. — At  the  close  of  the  last  fiscal  year 
this  wharf  had  been  completed  up  to  the  point  where  it  intersects 
the  cofferdam,  or  about  lour-fifths  of  its  length.  The  foundations 
are  anchored  piers  resting  on  solid  rock,  extending  in  front  down  to 
elevation  minus  46.  .  Where  Dock  No.  7  intersected  the  cofferdam  this 
design  was  modified.  Interlocking  steel  sheet  piling  was  driven 
around  the  area  to  be  occupied  by  each  of  these  piers,  allowing 
enough  clearance  for  forms,  and  the  material  therein  excavated  by 
orange-peel  bucket  down  to  rock,  which  was  found  between  eleva- 
tion minus  25  and  minus  30.  Heavy  timbers  were  used  to  brace  the 
steel  walls  against  the  earth  pressure.  The  rear  portion  of  the  piers 
was  then  built,  bonding  rails  and  grooves  being  supplied  on  the  front 
face.  At  the  same  time  open  excavation  was  carried  down  at  the 
face.  The  seamy  rock  allowed  so  much  water  to  enter  the  holes  that 
steel  caissons  had  to  be  used  for  some  jDiers  before  the  final  pene- 
tration could  be  attained.  The  caissons  were  cut  ofl^  as  low  as  pos- 
sible in  every  case,  and  the  piers  carried  up  solid  from  that  point. 
On  the  most  westerly  bent  caissons  were  used  entirely,  capped  by  a 
heavily  reinforced  concrete  beam.  All  foundations  were  completed  in 
March,  and  the  floor  system  in  April.  Concrete  for  the  floor  was  mixed 
by  aportable  plant  mountedon  thewharf  track.  Fender  piles  were  put 
in  position  as  far  as  the  conditions  would  allow.  In  the  vicinity  of 
the  cofferdam  piling  can  not  be  placed  until  the  excavation  of  the 
cofi'erdam  is  completed.  There  were  placed  during  the  year  4,835 
cubic  yards  of  mass  and  2,460  cubic  yards  of  reinforced  concrete,  in 
which  there  were  used  236,133  pounds  of  reinforced  steel  and  70,838 
pounds  of  anchoring  rails.  The  total  yardage  of  mass  concrete  in 
this  structure  was  19,508  cubic  yards,  and  the  imit  cost  per  cubic 
yard  was  $4.90  to  April  30,  1916.  There  have  been  placed  6,118 
cubic  yards  of  reinforced  concrete,  which  has  cost  $8.22  per  cubic 
yard. 

Reloadcr  ivlunf,  Doclc  No.  6. — At  tlie  close  of  the  last  fi-scal  year 
most  of  the  cylindrical  piers  had  been  iinishcd,  those  remaining  being 
a  few  near  the  junction  of  the  unloader  and  reloadcr  wharves,  and  the 
8-foot  diameter  piers  under  the  wharf  bunker.  Two  difficulties  pre- 
sented themselves  in  working  the  8-foot  cylinders:  (1)  When  the 
toe  reached  stiff  day  the  frictional  resistance  became  so  great  that 
the  shell  could  not  be  driven  any  farther,  and  (2)  at  about  50  feet 
below  ground  level  the  pressure  on  the  shell  was  great  enough  in 
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several  cases  to  crush  the  caisson.     The  same  remedy  was  applied 
in  each  case:  (a)  A  sliort  caisson,  7.V  feet  in  diameter,  with  heavily 
renilorced  toe,  was  mserted;  (h)  an  angle  bar  with  iron  brackets  to 
strengthen  it,  was  riveted  around  the  inside  at  the  top  and  bolted 
sections  ol  6-loot  caissons  set  on  it  to  act  as  a  '^follower"  on  which 
to  rest  the  driving  liammcr;  and  (c)  the  crushed  section  of  8-foot  shell 
was  cut  mid  removed,  after  wdiich  the  inner  cylinder  was  sunk  without 
much  difficulty.     Six  panels  of  the  floor  were  completed  by  January 
15  to  allow  tlie  contractor  under  Washington  Order  No    40483  to 
start  ejecting  the  reloader  towers.     The  work  on  the  floor  procrressed 
thereat  ter  at  the  rate  of  two  to  three  panels  a  week  until  It  was 
timslied.     1  hree  sets  of  steel  rods  at  everv  bent  tie  the  vv^iarf  to  a  con- 
tinuous anchorage  buried  in  the  fill  90  feet  behind  the  wharf      For 
the  north  halt  of  the  dock  this  anchorage  consists  of  a  concrete  waU 
b  leet  wide  by  9  feet  high  supported  on  two  rows  of  wood  pihn^  the 
outer  of  which  is  mchned  toward  the  wharf  at  the  bottom      Heavy 
concrete  ''deadmen"  were  placed  at  the  south  end  of  the  wharf 
lo  mmimize  the  tnrust  on  the  wharf,  the  back  fill  is  sloped  U  feet 
horizontaUy  to  1  foot  verticaUy  from  a  line  25  feet  back  of  the  wharf 
the  slope  being  riprapped  down  to  low  water.     There  were  1  693 
linear  leet  of  6-foot  and  184  linear  feet  of  8-foot  caissons  and  61  hAear 
leet  ol  4-toot  caissons  driven  during  the  year.     The  average  cost  per 
cubic  yard  for  all  excavation  in  caissons  for  this  dock,  exclusive  of 
the  cost  ol  pumpmg  and  maintenance  of  equipment,  was  S'?  Oil 
1  here  are  6  170  cubic  yards  of   concrete  filler  in  the   substructure 
(including  200  cubic  yards  placed. last  year),  and  4,756  cubic  yards 
in  the  superstructure,  all  of  which  is  reinforced.     The  average  unit 
cost  of  concrete  fiUer  was  $3.97,  and  the  reinforcing  in  it  $'>  50  per 
."i.irna  %  concrete  decking,  including  reinforcing  and"  forms, 

cost  .f  9.06  per  cubic  yard.  ' 

COAL-HANDLING   MACHINERY. 

Unloadcr  lowers.— Washington  Order  No.  40587  (Hunt  Construc- 
tion Co.).  At  the  end  of  the  last  fiscal  year  one  tower  had  been 
erected  to  the  60-foot  level,  but  had  not  been  riveted.  The  erection 
and  riveting  ol  the  two  towers  were  completed  by  the  1st  of  Sep- 
tember and  by  tlie  end  of  September  the  towers  had  been  given  the 
first  field  coat  of  paint.  Both  towers  were  given  their  second  coat  of 
field  pamt  during  January,  1916.  The  general  work  of  machhiery 
installation  by  the  Hunt  Construction  Co.  was  started  on  September 
"I'l  :l  •'  -P^^  ^^'  ^^^^'  *^^^  unloader  towers  were  completed  in 

all  their  essential  parts  with  the  exception  of  (1)  modifying  50-ton 
hoppers;  (2)  proviamg  water  side  trucks  with  aprons  and  rail  scrapers  • 
(3)  providing  protection  against  falling  coal  for  the  stair  landings  on 
the  water  side;  (4)  providing  cast-iron  babbitted  outboard  beanngs 
lor  crank  shaft  of  12  by  14  inch  engines;  and  (5)  completing  the  Hght- 
mg  system.  During  April  the  engines  in  both  towers  were  run  light, 
but  there  was  no  handhng  of  coal. 

Reloader  toz^ers.— Washington  Order  No.  40483  (Augustus  Smith). 
1  he  erection  of  the  two  reloader  towers,  Nos.  5  and  6,  was  begun  on 
l^ebruary  16  and  18  1916,  respectively,  and  at  the  end  of  February 
erection  ol  the  steel  framework  of  both  towers  was  practicaUy  com- 
plete,    ihe  riveting  of  the  two  towers  was  completed  in  March,  and 
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Tower  No.  5  had  been  given  a  first  coat  of  field  paint.  By  April  30 
botli  towers  had  been  given  their  first  and  second  coats  of  field  paint. 
The  galvanized  corrugated  coverings  of  the  operator's  cabs  and  ma- 
chinery houses  were  completed  and  the  window  frames  installed.  The 
erection  of  machinery  had  not  been  started. 

Conveyer  system. — The  erection  of  viaduct  steel  started  in  Octo- 
ber, 1915,  when  99  tons  were  placed  on  the  straight  runs  along  the 
north  and  south  sides  of  the  coal  pockets.  The  foundations  for  the 
viaduct  were  completed  a  few  at  a  time,  and  steel  was  erected  inter- 
mittently on  all  available  foundations.  On  April  30,  1916,  257  tons, 
or  approximately  85  per  cent,  of  the  viaduct  steel  had  been  erected. 
The  painting  of  the  steel  immediately  followed  the  erection.  The 
erection  of  the  transformer  house  steel  was  begun  on  March  13, 
1916,  and  on  April  30  the  north  bay  was  still  unerected  an  account  of 
the  foundations  being  inaccessible.  Riveting  was  begun  on  April  20, 
and  on  April  30  approximately  one-quarter  of  the  total  number  of 
rivets  had  been  driven.  Structural  steel  for  the  conveyer  and  office 
tower  had  not  arrived  on  April  30,  1916.  The  erection  of  the  struc- 
tural steel  for  the  wharf  bunker  was  begun  on  March  24,  1916,  and 
completed  on  April  13,  1916.  Riveting  was  commenced  on  April  1, 
1916,  and  on  April  30,  15,306  rivets  (approximately  75  per  cent  of 
the  total)  had  been  driven. 

The  erection  of  the  rehandling  or  '"berm"  cranes  was  completed 
in  the  last  fiscal  year.  All  mechanical  installation  was  completed 
the  first  week  in  September,  and  the  cranes  given  their  first  coat  of 
field  paint.  The  cables  will  not  be  swung  until  the  cranes  are  desired 
for  operation.  On  April  30  the  power  installation  within  the  cranes 
themselves  had  been  completed,  but  nothing  had  been  done  toward 
the  lighting  system. 

REPAIR   WHARVES   AND   COMMERCIAL   TIER. 
REPAIR  WnARVES. 

Doclc  No.  13,  quay  wall  C~D-E. — Tlie  two  remaming  caissons  of  this 
dock  were  finished  and  the  floor  slab  poured  early  in  the  year.  Later 
an  extension  was  authorized  necessitating  the  placing  of  21  more 
6-foot  caissons,  and  also  caisson  supports  for  the  crane  trades  from 
the  dry  dock  to  Dock  No.  13,  requiring  seven  6-foot  caissons  and  five 
4-foot  caissons.  All  except  three  of  these  foundations  were  finished 
by  the  end  of  December,  1915.  There  were  1,134  Jinearfcet  of  pene- 
tration for  6-foot  caissons,  and  297  Imear  feet  for  4-foot  caissons.  The 
average  cost  of  excavation  in  caissons,  exclusive  of  pumpmg  and 
maintenance,  was  $2.65  per  cubic  yard,  and  the  average  cost  of  con- 
crete filler,  exclusive  of  reinforcement  (wliich  cost  $1.67  per  cubic 
yard)  was  $3.86  per  cubic  yard.  Tlie  most  difficult  work  m  connection 
with  this  dock  was  that  of  placing  the  anchorages.  Coral  rock  was 
obtained  from  Cristobal  to  use  as  a  fill  on  account  of  its  light  weight. 
Immediately  behind  the  dock  rock  from  Sosa  Hill  vv^as  unloaded  to 
form  a  toe  to  hold  the  coral  and  earth  fill.  No  pile  fenders  have 
been  mstalled  because  the  material  has  not  been  excavated  in  front 
of  the  dock. 

Doclc  No.  14,  quay  wall  E-F. — Fill  was  placed  behind  the  dock,  Sosa 
Hill  rock  being  plowed  off  Lidgerwood  cars  from  a  track  near  its  rear 
face,  makuig  a  rock  toe  along  the  rear  edge  of  the  dock  to  hold  the 
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earth  and  llu^  coral  fill  placed  fartlier  l)ehiiid.  Tlic  anchorao-os  were 
all  put  in  place,  the  ground  leveled,  the  pipm^  mstalled,  andl^he  per- 
manent tracks  brought  to  their  final  level,  vertical  and  horizontal 
pile  fenders  were  installed  along  this  dock. 

COMIIERCIAL  PIER. 

Pier  No.  18. — Tlie  weight  of  back  fill  in  the  unpaved  center  portion 
of  the  pier  on  the  soft  underlining  mud  caused  it  to  spread  slightly  at 
different  points,  and  during  the  past  year  the  top  of  the  fill  was 
excavated,  and  work  started  on  placing  two  additional  tie-rods  3| 
inches  in  diameter  at  each  bent.  Four  sets  of  bands  of  heavy  steel 
plate  were  ordered  to  encircle  the  caissons  forming  bents  Nos.  20,  25, 
30,  and  35.  Tlie  rods  were  all  in  place  by  October,  the  bands  were 
received  m  Februarj^,  and  erection  finished  in  April.  A  double  row 
of  piles  was  also  driven  around  the  entire  mner  face  of  the  deck  slab 
on  which  was  placed  a  concrete  wall,  which  acted  as  aretammgwallto 
hold  the  coral  rock.  The  center  section  was  then  rolled  and  paved  with 
wood  blocks  and  brick.  There  has  been  no  further  movement.  Erec- 
tion of  the  steel  shed  was  started  in  July,  and  when  it  had  progressed 
far  enough  to  permit  it,  the  pouring  of  the  concrete  walls  was  started. 
Tlie  shed  contams  1,930.5  tons  of  steel  erected  at  a  cost  of  S15.52  per 
ton,  and  1,390  cubic  j^ards  of  concrete  costing  S24.83  per  cubic  j^ard, 
including  forms  and  reinforcement.  Tlie  roof  is  of  "Bonanza"  tile 
similar  to  that  for  the  shops'  buildmgs.  The  slidmg  sectional  doors, 
furnished  by  the  J.  Edward  Ogden  Co.,  began  to  arrive  ui  February, 
and  erection  was  started  hi  March.  On  May  31  erection  was  60  per 
cent  complete.  There  yet  remams  to  be  placed  the  cargo  booms  and 
the  concrete  telephone  booths. 


REINFORCED   CONCRETE    PONTOONS. 


It  was  decided  to  construct  the  four  reinforced  concrete  pontoons 
or  barges  to  be  used  as  small-boat  landings  in  slips  Nos.  17  and  19, 
Balboa,  on  the  floor  at  the  head  of  the  dry  dock,  this  being  the  most 
convenient  location.  About  178  cubic  yards  of  concrete  and  34  tons 
of  remforcmg  bars  were  required  for  each  pontoon.  The  entire  bot- 
tom, sides,  interior  bulkheads  and  frames,  up  to  a  height  of  6  feet,  or  2 
feet  from  the  top,  were  cast  in  one  continuous  pour.  The  pontoons 
cost  complete,  with  all  accessories,  about  $44,000.  After  being  flooded 
the  compartments  were  found  to  be  quite  tight,  and  very  little  subse- 
quent caulkmg  was  necessary. 

The  reinforcement  was  set  with  the  greatest  possible  accuracy 
because  of  the  comparative  thinness  of  the  walls.  The  floor  and  sides 
of  tlie  first  pontoon  were  concreted  on  January  28,  and  the  remain- 
ing tlu-ee  the  following  month.  A  mixtm'e  specially  rich  m  cement 
was  used,  and  the  aggregate  was  sand  and  screenings  to  msure  an  even 
flow  and  to  prevent  honeycombs.  Tlie  forms  for  the  deck  were  made 
in  sections  small  enough  to  ailow  them  to  be  removed  through  the 
manholes  which  were  placed  m  each  compartment,  so  that  orUy  one 
set  of  forms  was  required  for  all  four  pontoons.  The  first  pour  for  the 
decks  was  made  hi  February  and  the  last  of  March.  The  forms  were 
stripped  and  the  sides  v/aterproof ed  by  the  ' ' Svlvester  process."  The 
floor  forms  were  anchored  to  the  dry  dock  floor  so  that  the  pontoons 
pulled  away  from  the  forms  when  water  was  turned  into  the  dry  dock. 
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QUARANTINE    BOAT   LANDING — DOCK    NO.    1. 

Tlie  pier  for  the  Balboa  quarantine  station,  which  was  designed  by 
this  division,  and  the  contract  for  the  construction  of  which  was  let  to 
Mr.  A.  P.  Crary  on  March  22,  1915,  was  completed  diirmg  the  fiscal 
year.  The  work  to  be  completed  consisted  of  the  placing  of  the  larger 
part  of  the  decking.  A  supplementary  contract  was  entered  into 
with  Mr.  Crary  to  construct  a  concrete  walk  leadmg  to  this  landing, 
and  all  of  the  work  was  completed.  A  steel  pontoon  and  a  steel  land- 
ing bridge  similar  to  those  for  Docks  Nos.  17  and  19  were  placed  by 
this  division  at  the  sea  end  of  the  pier,  dolphms  were  driven,  and  the 
complete  structure  turned  over  to  the  health  department  on  Novem- 
ber 17,  1915. 

BALBOA    SHOPS. 

A  little  work  remained  to  be  done  in  connection  with  Balboa  shops. 
There  was  a  small  stretch  of  tunnel  to  complete  where  the  incline 
leading  to  the  dry  dock  had  delated  its  construction.  The  floor  of 
the  drainage  system  w^as  carried  out  and  connected  up  with  that  of 
Dry  Dock  No.  1.  The  north  crane  runwa3's  to  Building  No,  1  were 
aligned  and  completed  as  soon  as  the  fill  in  the  vicinity  had  been 
placed.  The  transfer  table  was  completed ;  the  fill  completed  and  the 
track  connections  made  to  it.  All  of  the  permanent  tracks  in  the 
shops'  yards  were  completed.  The  piping  for  electric  lines,  air,  and 
water  were  installed.  The  electric  lighting  for  the  shops'  yard  was 
put  in,  and  the  construction  of  the  asphalt  road  was  completed  as 
far  as  authorized.  The  work  of  installing  the  lighting  system  and 
the  construction  of  the  roads  was  performed  on  work  request  by  the 
electrical  and  municipal  engineering  divisions,  respectively.  A  con- 
siderable amount  of  repairs  to  the  roofs  due  to  the  blasting  opera- 
tions in  Sosa  Hill  quarry  was  performed.  The  pump  and  compressor 
house.  Building  No.  29,  which  has  been  considered  as  one  of  the 
Balboa  shops'  buildings,  is  situated  on  the  south  side  of  Dry  Dock 
No.  1.  No  work  could  be  performed  on  the  footings  of  this  building 
until  the  dry-dock  walls  had  been  nearly  completed  in  the  vicinity. 
The  footings  were  placed  on  rock  and  the  steelwork  erected  as  soon 
as  it  arrived  on  the  Isthmus.  The  dehvery  of  the  steel  framing  was 
greatly  delayed.  The  erection  of  the  steebvork  was  started  on  March 
6  and  the  riveting  on  March  27,  1916.  The  erection  was  completed 
in  March,  the  steel  amounting  to  295.48  tons.  The  placing  of  the 
concrete  walls  and  tile  roof  for  this  building  was  turned  over  to  the 
building  division  on  April  20,  1916.  The  air-compressor  machinery 
was  installed  by  the  mechanical  division  in  December,  1915,  and  was 
placed  in  service  early  in  1916.  . 

SOSA   HILL   EXCAVATION. 

At  the  beginning  of  the  fiscal  year  very  little  work  was  being  per- 
formed in  Sosa  Hill  quarry,  the  breakwater  not  bein^  ready  to  receive 
rock  in  any  quantity.  It  was  at  lirst  thought  desirable  to  operate 
Sosa  Hill  quarry  by  contract,  and  bids  were  opened  for  the  excava- 
tion and  loading  of  rock  for  the  east  breakwater  on  August  28,  1915, 
but  no  award  was  made,  and  it  was  decided  to  perform  the  work  by 
Panama  Canal  forces.  In  order  to  procure  as  much  armor  rock  as 
possible,  a  great  deal  of  preparatory  work  was  necessary,  and  it 
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was  decided  to  work  the  quarry  on  two  levels.  While  the  upper  level 
was  being  prepared  by  building  an  incline  at  the  east  end  of  the  hill 
and  overcasting  material  handled  by  one  shovel  cut,  work  on  the 
lower  level  could  be  carried  on  only  at  a  limited  rate  to  avoid  inter- 
ference with  the  upper-level  operations.  Two  steam  shovels  were 
worked  on  a  r2-hour  basis  on  the  upper  level.  In  October  4  steam 
shovels  worked  8  hours  a  day  loading  rock,  and  in  addition  2 
steam  shovels  on  the  upper  level  worked  12  hours  a  day  overcasting. 
In  October  a  j^ard  was  constructed  at  Sosa  Hill  in  order  to  handle 
trains  more  rapidly  at  tlie  hill,  and  on  account  of  the  increased  output. 
In  November  the  upper  level  was  in  shape  to  load,  and  six  95-ton 
steam  shovels  loaded  rock  8  hours  per  day — 3  on  the  lower  level 
and  3  on  the  upper  level.  Thirty  per  cent  dynamite  was  largely 
used,  and  the  results  obtained  from  this  in  getting  out  armor  rock 
were  very  satisfactory.  There  were  excavated  during  the  fiscal 
year  511,092  cubic  yards,  of  which  359,472  cubic  yards  of  core  and 
62,388  cubic  yards  of  armor  rock  were  shipped  to  the  east  breakwater. 
The  percentage  of  armor  rock  to  the  total  quantity  excavated  was 
12.2.  The  cost  of  excavation  for  the  year  was  $0.5719  per  cubic 
yard.  The  following  table  shows  the  cost  per  month,  including  all 
overhead,  and  covers  the  total  cost  of  the  excavated  material  loaded 
on  cars  and  delivered  to  the  Balboa  yard: 


July 

August 

September. 

October 

November . 
December . . 


Janunry . . 
February . 
March . .'. 
April 


Total.. 
Averag 


Mouth, 


191d 


Cubic 
yards. 


10,914 
40, 824 
41, 570 
61, 526 
84,231 
89, 426 


75, 420 

74, 761 

26, 689 

5,731 


511,092 


Total 
shipped  to 
east  break- 
water. 


Per  cent  armor 

rock  to  total 
rock  delivered. 


3, 408 
27,952 
36, 537 
01,198 

82, 527 
77,625 


53, 850 
61,128 
15, 278 
2,357 


421,860 


60.0 
8.5 

15.9 

10.9 
8.7 

14.3 


20.9 
21.0 
14.2 
38. 7 


Cost  per 
cubic 
yard. 


Cents. 
1.6334 
.7935 
.6159 
.6858 
.  5351 
.  43 10 


-.5907 
.4031 
.  4523 
.6277 


.5719 


A  steam  shovel  was  also  operated  in  earth  a  part  of  the  time  on 
the  lower  level  at  the  east  end  of  the  hill.  This  cfirt  was  obtained  for 
back  fill  around  the  terminals. 
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Atlantic  Terminals, 
cristobal  coaling  plant. 

Dnrinf^  the  year  Superintendent  W.  G.  Thompson  has  continued 
in  immediate  charge  of  this  work,  including  all  constiaiction,  field 
engineering,  and  inspection  contract  work,  and  Assistant  Engi- 
neer Bernard  Duchscher  has  continued  as  chief  mechanical  and  elec- 
trical inspector  of  the  coaling  plant  contract  work.  Junior  Engineer 
E.  C.  Smith,  jr.,  resigned  as  inspector  of  steelwork  on  February  7, 
1916.  Junior  Engineer  R.  A.  Wilson,  in  charge  of  field  engineering, 
was  transferred  to  Gamboa  on  September  1,  1915,  to  supervise  the 
manufacture  by  contract  of  concrete  blocks  for  the  east  breakwater. 

General. — During  the  year  the  dredging  division  completed  dredg- 
ing to  elevation  minus  41a  slip  250  feet  wide  along  the  unloader  wharf, 
all  of  the  entrance  basin,  and  berthing  space  along  end  wharf,  and 
approximately  80  per  cent  of  the  sh])  300  feet  wide  along  the  reloader 
wharf.  The  material  was  pumped  ashore  and  used  for  filling  low 
places  on  ]\iindi  Island  and  the  mainland.  Approximately  25,000 
cubic  yards  of  this  material,  being  coral  rock,  was  loaded  by  steam 
shovel  from  the  spoil  bank  formed  on  Mindi  Island  and  sent  to  Balboa, 
where  it  was  used  for  filling  back  of  wharves. 

The  caissons  for  the  end  wharf  were  completed  in  December,  1915. 
Much  difficulty  was  experienced  with  two  of  the  caissons  under  the 
wharf  bunker.-  On  August  25,  1915,  these  two  cylinders  collapsed, 
due  to  heavy  pressure  on  the  north  side.  After  unsuccessful  attempts 
had  been  made  to  drive  8-foot  cylinders  in  their  place,  a  6-foot  cylinder 
was  driven  on  each  side  of  the  two  8-foot  c^dinders.  After  much 
difficulty,  these  four  cylinders  were  driven  in  pairs,  excavated,  and 
filled  with  concrete,  after  which  they  were  connected  by  a  heavy 
steel  girder,  upon  which  rested  the  main  floor  girder.  The  concrete 
floor  at  the  end  of  wharf  was  completed  in  January,  1916.  The  con- 
crete decking  of  the  reloader  wharf  was  completed  in  October,  1915, 
and  that  for  the  unloader  wharf  in  August,  1915.  The  fender  system 
for  the  unloader  wharf  was  completed  in  September,  1915,  for  the  end 
wharf  in  Februarj^,  1916,  and  that  for  the  reloader  wharf  was  75  per 
cent  completed  on  May  31,  1916,  the  remainder  having  been  delayed 
b}"  the  dredging  in  the  reloader  slip.  A  system  of  floating  fenders  was 
installed,  which  wiU  breast  vessels  about  5  feet  away  from  the  concrete 
face  of  the  docks.  A  trench  was  dug  across  the  French  Canal  by  a 
suction  dredge  between  Dock  No.  13  and  the  south  end  of  the  coaling 
plant,  in  which  were  laid  two  10-inch  fuel  oil  pipes  and  one  10-inch 
water  pipe.  An  oil  pipe  was  laid  along  each  side  of  the  plant  and 
across  the  end  wharf,  making  a  complete  circuit  of  the  wharves.  It 
is  suspended  by  hanger  bolts  underneath  the  wharves,  near  the  face, 
and  has  outlets  at  frequent  intervals  for  supplying  fuel  oil  to  vessels 
lying  alongside.  The  water  pipe  is  supported  by  the  viaduct  structure 
about  10  feet  above  the  deck  of  wharf  and  also  makes  a  complete 
circuit  of  the  plant.  Leading  downward  from  the  main  at  convenient 
intervals  arc  outlets,  with  a  meter.  There  are  also  at  intervals  hose 
connections  for  fire  service.  The  oil  and  water  systems  were  com- 
pleted on  May  31,  1916. 

The  coral  and  rock  retaining  wall  under  the  wharves  was  completed 
to  about  elevation  plus  2  during  the  year.  This  will  afford  a  satisfac- 
tory protection  for  the  coal  within  subaqueous  storage  area  and  wiU 
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prevent  wave  action.  The  permanent  standard  gauge  tracks  were 
practicaEy  completed  on  May  3 1 .  The  standard -gauge  track  scales  at 
the  south  end  of  the  unloader  wharf  were  completed  and  adjusted, 
and  the  weigh-house  was  built  during  May,  Cleaning  up  of  the  coal 
storage  area  is  completed,  and  but  little  cleaning  up  and  grading 
outside  of  storage  area  remained  on  May  31. 

The  installation  of  the  permanent  tracks  for  the  stocking  and 
reclaiming  bridges  on  the  walls  south  of  the  wharves  was  completed 
during  the  year.  Tool  houses  for  use  of  the  supply  department  in 
delivering  fuel  oil  to  vessels  were  built  on  each  wharf.  Forces  of  the 
building  division  started  the  construction  of  a  reinforced  concrete 
office  and  storehouse  for  the  operating  force  at  the  southeast  corner 
of  the  coal  plant.  This  building  was  approximately  75  per  cent  com- 
pleted on  May  31.  Owing  to  the  closing  of  the  canal  in  October,  1915, 
and  the  consequent  falling  off  of  coal  requirements  for  merchant 
vessels,  the  storage  space  at  Mount  Hope  was  unable  to  take  the  sur- 
plus coal,  necessitating  the  dumping  of  coal  from  cars,  loaded  at  the 
old  Brown  Hoist  plant,  into  the  storage  space  at  the  coaling  plant, 
with  the  result  that  before  the  new  plant  has  been  completed  there 
are  approximately  85,000  tons  of  coal  now  stored  there. 

The  foundations  of  the  wharves  consist  of  three  hundi'cd  and  twelve 
6-foot-diameter  steel  cylinders,  which  were  driven  to  hard  rock, 
excavated,  and  filled  with  concrete,  reinforced  with  vertical  steel 
rails;  20,917  cubic  yards  of  concrete,  costing  S4.79  per  cubic  yard, 
not  including  reinforcing,  were  required  to  fill  these  caisson  founda- 
tions. The  methods  employed  in  sinking  these  caissons  were  de- 
scribed in  the  last  annual  report. 

The  erection  and  riveting  of  the  deck  steel  in  the  unloader  and 
reloader  wharves  were  completed  by  contractor  J.  O.  Childers  during 
July,  1915.  Erection  and  riveting  of  floor  steel  for  the  end  wharf 
were  done  by  Panama  Canal  forces  and  were  completed  in  December, 
1915.  The  reinforced  concrete  floor  slab  and  the  girder  encasement 
of  floor  girders  were  completed  in  January,  1916;  17,211  cubic  yards 
of  reinforced  concrete,  costing  $4.64  per  cubic  yard,  not  including 
forms  or  reinforcement,  were  required  to  complete  the  floors.  Creo- 
soted  fender  piles  spaced  10  feet  center  to  center  have  been  driven 
along  the  face  of  all  wharves,  and  a  system  of  horizontal  floating 
fenders  has  also  been  installed. 

Stocking  and  reclaiming  bridges — WasTiingion  Order  No.  404^3. — 
The  operating  machinery  of  the  two  bridges  and  the  four  bridge 
diggers  was  completely  installed  during  the  year.  Both  bridges  have 
moved  along  the  tracks  under  their  own  power,  and  all  diggers  have 
been  moved  along  the  bridges  under  their  own  power.  The  diggers 
on  the  south  bridge  have  dug  several  hundred  tons  of  coal  which  was 
loaded  into  the  10-ton  trolley  cars.  Mr.  Augustus  Smith,  the  con- 
tractor, has  supervised  the  breaking  in  of  these  machines  and  bridges, 
which  it  is  expected  will  be  ready  for  acceptance  tests  early  in  next 
fiscal  year. 

Viaduct  system,  power  house,  wharf  hunlcer,  etc. — Washington 
Order  No.  404^3. — The  viaduct  system  was  completed  during  the 
year,  and  80  of  the  88  cars  for  this  plant  were  practically  completed 
on  May  31.  Most  of  these  cars  have  been  run  satisfactcu-ily  for 
several  days,  both  light  and  under  load.  The  power  substation  or 
transformer  house  was  completed  and  the  installation  of  electrical 
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equipment  completed  during  the  year.  A  trench  was  dug  ])y  a 
suction  dredge  across  the  bottom  of  the  French  Canal,  })etween  the 
Cristobal  substation  and  the  coaling  station  at  the  south  end  of  the 
coal-storage  area,  in  which  all  power  cables  necessary  for  the  opera- 
tion of  the  plant  have  been  laid  by  the  electrical  division.  The  wharf 
bunker  and  conveyer  tower  on  the  end  wharf  were  completed  in  May, 
1916,  with  the  exception  of  the  installation  of  certain  machinery 
and  a  small  amount  of  structural  steel  which  is  to  support  the  con- 
veyer belts.  The  lighting  system  for  night  operation  is  entirely 
completed.  The  four  sets  of  viaduct  scales  were  completed  and 
adjusted. 

Reloader  towers — Washington  Order  No.  40483. — The  reloader  tow- 
ers were  completed  during  April,  1916,  except  for  minor  fittings. 
Their  trailers  and  hoppers  and  the  hoppers  under  the  viaduct,  which 
feed  the  reloader  conveyer,  were  also  completed.  The  concrete 
aprons  along  the  reloader  viaduct  trestle,  which  guide  the  coal  into 
feeder  hoppeis,  were  completed  during  April.  Except  for  ceitain 
adjustments  and  minor  modifications,  the  reloader  towers  and  their 
appurtenances  are  completed  and  ready  for  acceptance  tests.  Tower 
Tso.  1  has  been  operated  and  has  loaded  several  hundred  tons  of  coal 
into  barges. 

General  summary — Washington  Order  No.  40483. — All  of  the  equip- 
ment under  this  contract  at  the  Cristobal  plant  is  now  complete 
and  ready  for  tests  prior  to  acceptance  by  The  Panama  Canal  ex- 
cept for  final  adjustments,  except  the  wharf  bunker  and  conveyer 
tower  and  their  attendant  conveying  machinery,  some  of  which 
was  installed  on  May  31,  1916.  A  committee  was  appointed  by  the 
Governor  in  May,  1916,  to  prepare  a  program  of  tests  for  the  equip- 
ment under  this  contract  and  to  conduct  the  tests. 

Four  unloader  towers — Washington  Order  No.  40587. — The  four 
unloader  towers  furnished  under  the  above  contract  by  the  Hunt 
Construction  Co.  of  New  York  were  completely  erected,  and  the 
installation  of  operating  machinery  completed  during  February, 
1916.  The  first  acceptance  tests,  under  the  supervision  of  a  commit- 
tee appointed  by  the  Governor,  commenced  on  unloader  tower  No. 
1  on  February  28,  1916,  by  unloading  coal  from  the  Panama  Canal 
collier  Ulysses,  after  which  the  colher  Achilles  was  used.  Certain 
of  the  tests  were  cairied  on  with  600-ton  barges.  Some  of  the  towers 
did  not  make  the  maximum  capacity  of  250  tons  per  hour  required 
for  an  8-hour  run  during  the  first  trial  and  were  subjected  to  a 
second  run.  These  tests  were  concluded  in  March,  but,  owhig  to 
the  fact  that  a  number  of  adjustments  and  modifications  were  con- 
sidered necessary  to  correct  defects  and  deficiencies  that  developed 
during  the  tests,  they  have  not  as  yet  been  accepted  by  The  Panama 
Canal. 

Concrete  hloclcs  for  the  east  hreakwater. — During  January,  1916,  a 
plant  was  installed  and  a  force  organized  for  the  manufacture  of 
some  concrete  blocks  to  be  used  for  armor  on  the  east  breakrw^ater. 
The  pouring  of  concrete  began  on  February  4  and  will  be  com- 
pleted at  the  end  of  this  fiscal  year.  The  blocks  are  5  feet  3  inches 
cube,  having  3-inch  beveled  edges,  and  contain  5.3  cubic  yards  of 
concrete.  Four  thousand  six  hundred  of  these  blocks  are  being 
manufactured  at  the  Cristobal  coahng  plant.  To  May  31,  3,347 
blocks,  containing  17,739  cubic  yards  of  concrete,  at  a  total  cost 
of  $3.9377  per  cubic  yard,  had  been  manufactured. 
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Table  No.  I'i. -^Reinforcing  iron  (pounds). 


Caissons. 

Floor. 

Wharf 
bunker. 

Miscel- 
laneous. 

Total. 

1915. 

Julv 

9.3,471 
251,819 
81,1.37 
14.463 
32, 966 
21,573 

95,871 
102, 605 
68,829 
31,028 
19,816 

189, 342 

2,919 
67 

357,343 

150,033 

October                                      

45,491 

53, 482 

700 

21,573 

1916. 
January     

22, 557 

22, 557 

5,300 
14,979 
13,  .520 

5,300 

April 

152 
181 

15, 131 

May 

13,701 

Total 

495, 429 

340, 706 

33,799 

4,019 

873, 953 

Table  No.  13a. — Piles  cMven  {linear  feet). 


Fender 
piles, 
wood. 

Dolphins 
for  port 
captain, 
wood. 

Total. 

1915. 

2,495 
6,760 

3,285 
2, 250 

2,495 

September 

1,835 

8,595 

1916. 

3,285 

:;..:::::: 

2,250 

825 
4, 160 
1,706 

825 

Mav 

4,160 

1,706 

Total 

21,481 

1,835 

23,316 

Table  No.  13b. — Bad- fill  {cubic  yards) . 


Whars^es. 

Miscel- 
laneous, 
(dry). 

Retain- 
ing walls 
(dry). 

Total. 

Dry.     1     Wet. 

1 

1915. 
July             

1,116 
1,908 

12,092 

13,208 

15 

1,923 

150 

160 

148         10.000 

10, 148 

2,470 

985 

65 
766 

260 

2,795 

114 

286 
260 
30 
50 

1,865 

1916. 

286 



198 

458 

March          .              

30 

315 
600 

365 

Mav 

600 

1 

Total 

3,912 

25,547 

1,959 

410 

31,828 
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Table  No.  14. — Progress  of  cylinders. 


Footing 
placed. 

Penetra- 
tion. 

Footlng-S 
to  rock. 

Concrete 
filler. 

Reinforc- 
ing iron. 

Footings 
complete. 

1915. 
Jiilv 

13 

807 
5 

265 
4 

201 
58 

20 

653 
1,529 
354 
89 
166 
173 

93,471 
251, 819 
81, 137 
14,463 
32, 966 
21,573 

6 

17 

5 

1 

5 

1 

4 

2 
2 

2 

2 

Total 

22 

1,340 

25 

2,964        495.439 

33 

Table  Xo.  14a. — Excavation  {cubic  yards) . 


July 

August 

September. 

October 

November . 
December. . 


January. . . 
February . 


Total. 


1915. 


1916. 


Caissons. 


Earth. 


S99 
190 
164 


162 

62 


1,477 


Rock. 


Hinman- 
Balboa 
coral. 


Duct 

lines. 


25 
92 
5 

33 
20 
100 

890 

4,693 

65 

3,860 

766 

4,473 

23,555 

198 

130.5         37,471 


Miscel- 
laneous. 


Total. 


1,0-12 

330 

275 

893.5 
4,923 
4,693 


4,473 
23, 753 


1,182       40,382.5 


Table  No.  14b. — Table  showing  sutniniary  of  erection  of  uharf  decking  steel  up  to  June 

30,  1916. 


Reloader  wharf. 

End  wharf. 

Erected. 

Riveted. 

Erected. 

Riveted. 

July 

1915. 

Tons. 
20 

Ton.<s. 
373 

Tom. 

Tons. 

August 

160 
100 
80 
25 
55 

120 

September 

60 

October 

110 

November 

40 

December 

85 

January 

1916. 

5 

Total 

20 

373 

420 

420 
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Table  No.  14c. —  Tracks  {linear  feet) . 


Temporary  track. 

Perman- 
ent track 
laid. 

Total. 

Laid. 

Removed. 

1915. 
July 

2,000 
1,000 
1,000 
1,000 
1,000 
500 

1,500 
2,000 
700 
1,500 
1,500 
1,000 

300 

1,320 
4,203 
1,163 

1,881 
390 

4,820 

7,203 

2,863 

4,381 

2,890 

1,500 

1916. 

400 
200 
600 
350 

70O 

500 
500 
200 

700 

200 
500 

1,300 

May 

1,050 

Total                

7,700 

9,200 

10,507 

27,407 

Table  No. 

Ib.—F 

'xed  iron  (pounds). 

Caissons. 

Floor. 

Wliarf 
bunker. 

Oil  pipe 
line. 

Miscella- 
neous. 

Total. 

1915. 

40 

25,123 

11,856 

2,808 

1,748 

3,225 

15,164 
54,439 
35, 824 
19,649 

4,858 

15,204 

1 

79, 562 

1 

17 
33,228 

47,697 

1 

55,685 

1 

6,606 

462 
3,920 

3,687 

1916. 

• 

3,920 

3,452 

798 

71 

1,635 
597 

3,452 

March...                   

4,718 
7,304 
1,269 

5,510 

\pril                         

1,958 
9,341 

9,333 

12,245 

597 

Total 

44,800 

129,934 

11,299 

17,673 

39,  798 

243,504 

Table  Xo. 

loA.— e 

oncrctc  iruhic  yards). 

Caissons. 

Floor. 

Blocks.     SeJ. 

Miscella- 
neous. 

Total. 

1915. 
July                                  

653 
1,529 
354 
89 
160 
173 

2,012 

3,186 

2, 826 

978 

975 

24 
27 
40 
11 
390 
15 

2,719 

4,742 

1 

3,220 

1 

1,078 

1,531 

1 

188 

1916. 

627 

18 
2,S04 
2,889 
5,443 
6,604 
4,102 

645 

1 

2,805 

1 

55 
152 
117 

2,944 

26 
9 

5,621 

6, 730 

4,102 

Total 

2,904 

10,634  1      21.860 

324 

5J3 

36,375 

1 
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East  Breakwater. 

During  the  year  Supermteiidont  C.  C.  Siiedeker  has  continued  in 
immediate  charge  of  construction  work,  with  Junior  Engineer  J.  C. 
Hipp  in  charge  of  surveys  and  field  engineering. 

Dui'ing  the  year  the  rcphxcement  of  the  trestle  destroyed  by  the 
"northers"  in  February  and  April,  1915,  was  completed,  and  the 
remainder  of  the  trestle  to  the  outer  end  of  the  breakwater,  includ- 
ing a  single-track  trestle  on  the  ell,  was  driven.  The  placing  of  dry  and 
wet  fill  was  resumed  and  carried  to  completion  as  regards  core  and 
armor  rock  from  Sosa  Hill  and  the  hyth'auUc  iiU.  The  manufacture 
of  concrete  blocks  and  the  removal  of  the  trestle  was  started.  On 
May  31  there  remained  about  40,000  yards  of  scow  dump  to  be  placed 
along  the  harbor  slope,  the  manufacture  of  5,597  concrete  blocks,  and 
the  placing  of  the  remainder  of  the  concrete  blocks  required  to  bring 
the  breakwater  up  to  its  final  section. 

Reconstruction  of  trestle. — The  redriving  of  the  trestle  wliich  was 
destroyed  by  the  1915  "northers"  was  continued  simultaneously  on 
the  shore  connection  and  the  breakwater  proper.  The  shore- 
connection  trestle  reached  the  breakwater  proper  on  July  28,  1915. 
The  section  on  the  breakwater  proper  was  completed  on  September 
1,  1915,  to  station  38  plus  05  (the  point  reached  before  the  "north- 
ers"). vSalvaged  piles  and  decking  material  were  used  to  a  large 
extent  in  the  reconstruction.  A  total  of  1,952  linear  feet  of  double- 
track  and  1,702  linear  feet  of  single-track,  equivalent  to  5,606  linear 
feet  of  single-track  trestle,  were  driven,  using  108,405  Hnear  feet  of 
piling.  Table  No.  16  gives  the  linear  feet  of  the  equivalent  single- 
track  trestle  reconstructed. 

The  shore-connection  trestle  between  stations  20  and  47  is  known 
as  the  "floating  trestle"  because  the  piles  wore  not  driven  to  hard 
bottom.  It  has  stood  satisfactorily  the  test  of  service.  This  is  a 
single-track  trestle,  which  was  driven  in  May  and  June,  1915.  The 
two  outside  piles  of  each  bent  are  untreated  and  85  feet  long.  The 
two  center  piles  are  salvaged  creosoted  piles  about  45  feet  long, 
spliced  with  a  35-foot  length  of  untreated  pile.  All  piles  were  dapped 
and  wooden  collars  42  inches  square  were  bolted  on  at  proper  dis- 
tance from  the  cut-off  to  enable  the  collars,  by  resting  on  the  original 
bottom  or  the  blanket  of  coral  fill,  to  take  the  greater  part  of  the 
load.  Each  bent  was  requu'ed  to  have  a  theoretical  ultimate  bear- 
ing power  of  45  tons.  In  some  cases  it  was  necessary  to  drive  a 
fifth  pile  to  get  the  bearing  power  requu-ed.  Coral  sand  and  rock 
to  the  amount  of  134,502  cubic  yards  was  pumped  in  along  the  trestle 
to  elevation  minus  15  in  order  to  give  it  lateral  stability  and  increased 
bearing  power.  A  profile  of  the  elevation  of  the  ends  of  the  caps  was 
made  montlily  and  showed  an  average  settlement  of  about  1  inch, 
with  a  maxunum  of  5  inches  per  month.  The  settlement  was  fairly 
even,  and  was  easily  taken  care  of  by  shimming  under  the  caps  and 
blocking  up  the  stringers. 

Construction  of  new  trestle. — The  construction  of  the  double-track 
trestle  for  the  breakwater  proper  from  station  38  plus  05  "C"  to 
the  outer  end  was  completed  on  October  7,  1915.  The  best  month's 
work  was  1,614  linear  feet  of  double-track  trestle.  The  previous 
record  on  the  Isthmus  was  made  in  August,  1914,  on  the  east  break- 
water, when  1,591  linear  feet  were  built.  A  single-track  trestle  444 
63503°— 16 19 
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feet  long  was  built  for  the  ell.  A  total  of  1,644  linear  feet  of  double 
track  and  444  linear  feet  of  single-track,  equivalent  to  1,866  linear 
feet  of  double-track  trestle  were  driven,  using  101,530  linear  feet  of 
piling.  Table  No.  17  gives  the  number  of  Imear  feet  of  the  equivalent 
double-track  trestle  constructed. 

Dry  Jill. — The  dumping  of  Sosa  Hill  rock  was  resumed  on  July  29, 
1915,  when  the  shore  connection  of  the  trestle  was  completed.  In 
November,  1915,  an  extension  of  the  breakwater  shoreward  1,226 
feet  was  authorized.  The  total  authorized  center  line  length,  includ- 
ing the  ell,  225  feet  long,  at  the  outer  end,  is  6,741  feet.  The  umer 
end  is  4,500  feet  from  the  shore  at  Coco  Solo  point.  The  core  rock 
fill  was  completed  in  March,  and  the  Sosa  Hill  quarry  was  closed 
down.  Table  No.  18  gives  the  quantities  of  armor  and  core  rock 
which  were  handled.  The  rock  was  plowed  off  the  Lidgerwood  cars 
into  place. 

The  percentage  of  armor  rock  recovered  from  c[uarry  operations 
was  not  sufficient  to  armor  the  breakwater.  This  deficit  is  being 
met  by  the  manufacture  of  concrete  blocks  at  four  different  points. 
The  cubes  weigh  about  5.6,  10.6,  18,  and  25  tons,  respectively.  It 
was  found  practicable  to  plow  a  considerable  proportion  of  them  from 
Lidgerwood  cars  onto  tlie  sea  slope  of  the  breakwater.  A  small 
amount  of  core  rock  from  Sosa  HiU  and  1,250  cubic  yards  of  soft 
rock  from  the  Mount  Hope  borrow  pit  was  diunped  on  the  blocks 
from  time  to  time  to  form  a  "cushion"  for  the  further  dumping  of 
blocks.  Derrick  barges  are  being  used  to  place  blocks  in  the  top 
section.  Table  No.  19  gives  the  quantities  of  concrete  blocks  plowed 
and  placed. 

Wet  fill. — It  was  not  possible  to  make  the  base  of  the  breakwater  suf- 
jSciently  broad  by  dumping  rock  from  the  trestle.  When  the  core  rock 
fill  was  completed,  the  toe  of  the  slope  on  the  harbor  side  was  there- 
fore extended  by  dumping  hard  dredged  material  from  scows  and 
by  dumping  coral  rock  and  sand  from  a  borrow  pit  near  the  shore 
at  Coco  Solo.  The  scow  material  was  obtained  from  the  excavation 
near  the  Cristobal  coafin^  plant  and  amounted  to  145,257  cubic 
yards.  There  were  no  c^harges  against  the  breakwater  for  this 
material.  The  hydrauUc  fill  of  coral  rock  and  sand  was  pumped 
into  place  by  a  suction  dredge,  assisted  by  two  electrically  driven 
relay  pumps  located  along  the  trestle  pipe  line.  The  suction  dredge 
pumped  into  the  breakwater  proper  a  total  of  155,036  cubic  yards. 
In  addition,  134,502  cubic  yards  was  pumped  in  along  the  shore 
connection  trestle  to  give  it  lateral  stiffness  and  protection  aguinst 
heavy  seas.  This  work  was  done  by  tlie  dredging  division.  Table 
No.  20  gives  quantities  of  the  hydrauhc  fill.  The  quantities  giv(^n 
from  July  to  December  were  measured  in  the  borrow  pit ;  those  for 
January  to  March  were  measured  in  place  in  the  fill. 

Production  of  concrete  blocks. — In  January,  1916,  the  east  break- 
water subdivision  was  authorized  to  manufacture  40,050  cubic 
yards  of  concrete  blocks  at  Coco  Solo.  The  blocks  were  to  be  cubes 
of  run-of-bank  Chafes  gravel,  measuring  6  feet  3  inches  on  a  side, 
and  containing  9  ciibic  yards  each,  the  mixture  being  about  1  to  4 J. 
A(;cordingly,  preparations  were  made  to  use  Coco  Solo  yard  as  a 
manufacturing  plant  as  soon  as  the  dumping  of  Sosa  Hill  rock  should 
be  completed.  There  were  4,015  feet  of  track  laid  to  make  a  storage 
yard  for  green  blocks;   1,400  cubic  yards  of  soft  rock  and  720  cubic 
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yards  of  gravel  ballast  were  used  for  these  tracks.  Tracks  Nos.  3 
and  6,  measuring  a  total  of  2,540  linear  feet,  were  removed,  and 
tracks  Nos.  2  and  7  were  raised  about  18  inches,  using  925  cubic 
yards  of  gravel  ballast,  in  order  to  facihtate  the  handling  of  gravel 
to  the  mixer.  A  portable  concrete  plant,  using  a  one-half-yard 
batch  mixer,  was  erected  on  a  car,  and  ISO  forms  were  made.  A 
complete  lighting  system  for  the  yard  was  installed,  in  order  to  be 
able  to  work  16  hours  per  day.  Table  No.  21  gives  the  monthly 
output  of  concrete  blocl^. 

Miscellaneous. — Work  was  continued  until  October  16,  1915, 
salvaging  the  trestle  material  which  was  washed  up  on  the  shores 
of  Limon  Bay  by  the  1915  "northers."  There  were  recoverd  271,056 
feet  b.  m.  of  stringers,  caps,  ties,  and  filler  blocks;  3,165  linear  feet 
of  creosoted  piling,  and  21,490  linear  feet  of  untreated  pihng.  The 
greater  part  of  this  material  was  used  in  the  reconstruction  of  the 
trestle.  The  material  which  was  not  serviceable  for  the  original 
purpose  was  sawed  up  in  the  log  sawmill,  making  braces,  ties,  fiUer 
blocks,  shimming  blocks,  and  car  stakes.  There  were  1,257,084 
feet  b.  m.  of  lumber  sawed.  In.  March,  1916,  work  was  begun  tear- 
ing up  the  temporary  trestles  on  the  ell  and  the  outer  end  of  the 
breakwater.  Approximately  3,500  Hnear  feet  of  single-track  trestle 
have  been  removed.  The  log  sawmill  has  sawed  194,302  b.  m.  feet 
from  this  material.  The  total  output  of  the  sawmill  was,  therefore, 
1,451,386  feet  b.  m.  In  addition,  it  cut  up  9,220  feet  b.  m.  of  lumber 
which  was  used  as  forms  for  concrete  blocks.  A  small  force  was 
engaged  regularly  in  the  maintenance  of  the  temporary  trestle. 
The  work  has  cost  for  labor,  material,  and  all  charges  SO. 0392  per 
cubic  yard  of  dry  fiU  dumped.  The  maintenance  of  the  Margarita 
main  line  and  the  Coco  Solo  yard  tracks  was  done  by  the  forces  of 
of  the  Panama  Railroad.  The  Coco  Solo  dock  was  reinforced  with 
1,491  linear  feet  of  pihng  in  order  to  be  able  to  handle  the  25-ton 
concrete  blocks;  715  feet  of  1-inch  and  319  feet  of  l^-inch  pipe  were 
laid  for  water  and  compressed  air  connections  to  the  dock.  There 
were  placed  in  the  tail  track  alongside  the  dock  231.5  cubic  yards  of 
core  rock  and  80  cubic  yards  of  gravel  ballast.  Six  hundred  and  sev- 
enty-five linear  feet  of  piling  were  driven  in  dolphins ;  391  linear  feet  of 
track  were  laid  for  the  sawmill  yard;  1,273  feet  of  3-inch  and  3,610 
feet  of  2-inch  water  mam  were' laid  on  the  trestle;  and  808  linear 
feet  of  pihng  were  driven  in  the  foundations  for  Relay  Station  No. 
2  and  the  building  erected.  The  buildings  for  Relay  Stations  Nos. 
1  and  2  were  torn  down  in  April,  the  hydrauhc  fill  having  been 
completed.  One  60-h.  p.  and  one  30-p.  h.  motor  were  installed  in 
the  sawmill. 

West  Breakwater. 

Maintenance. — In  1915,  the  months  of  October-December,  inclu- 
sive, 2,805  cubic  yards  of  armor  rock  and  7,252.4  cubic  yards  of 
concrete  blocks  were  placed  on  the  west  breakwater  by  derrick  barge 
No.  157  in  repairing  the  damage  done  by  the  1915  "northers."  The 
cost  was  $5.45  per  cubic  yard  for  armor  rock  and  $3.5907  per  cubic 
yard  for  concrete  blocks.  Six  hundred  and  eighty  hnear  feet  of 
pihng  were  driven  in  dolphins  as  a  mooring  station  for  the  derrick 
barge.  There  is  still  required  about  10,000  cubic  yards  of  armor 
to  complete  the  repairs. 
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Table  No.  1G. —  Trestle  irconstruciion. 


Piite. 

Linear  feet. 

1915. 

To  JirneSO 

July                 -   --■ 

4, 875. 8 

3,484.0 

2. 050. 0 

72.0 

August 

September 

1916 
To  June  30 . 

10,481.8 

Table  No.  17. —  Trestle  construction. 


Date. 


To  June  30. 
July 

August 

September. 

October 

November. 
December. 


1915. 


To  June  30. 


1916. 


Linear  feet. 


9,498 


1,578 
66 
141 

81 


Table  No.  18. — Dry  fill  in  place — plowed  off  Lidger wood  cars. 


Date. 

Core  rock. 

Armor  rock. 

Total. 

To  June  30 

1915. 

Cubic  ydn. 
318,778 
752 
26, 176 
30, 685 
51,911.67 
76,974.66 
68.  791 

43, 680 

45,  407 

l(i,  535.  .50 

1,666 

680 

Cubic  yds. 
2.368 
'992 
6,732 
7,776 
4,988 
5,776 
11,228 

11,168 

12,640 

2,816 

1,008 

Cubic  ydi>: 
321, 146 

July              .                  

1,744 

32, 908 

38, 461 

56,  899. 67 

82, 750. 66 

80,019 

191G. 

54,848 

58, 047 

19,351.50 

2, 674 

May 

680 

Total 

682,036.83 

67,492 

749, 528.  S3 

Table  No.  19. — Placing  concrete  hlocl-s. 


Date. 

Placed  by 
derrick" 
barge. 

Plowed  off 

Lidgerwood 

cars. 

Total. 

1915. 

Cubic  yds. 
(') 
3. 1.35.  2 

5, 606.  8 

Cubic  yds. 

24.6 

2, 164. 5 

3,270.3 
9, 122. 4 
14, 814. 3 
13, 150. 6 
6,866.0 

Cubic  yds. 
24. 6 

5,299.7 

1916. 

8, 877. 1 

9, 122.  4 

14,814.3 

8,997.2 
25,018.0 
23, 202.  6 

22, 147. 8 

31,884.0 

23,  262. 6 

Tota'     . 

66,019.8 

49, 412.  7 

115,432.5 

1  Te,st  l)locks. 
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"^^^-                             >ards. 

1915. 
To  Juno  30 

252, 319 
25,018 
29, 882 
37, 057 
52,  745 
24,417 
51,639 

18,800 
18, 230 
31,  7.50 

,541,  857 

July 

August 

September 

Noveml)er 

December 

1916. 

February. .        

Total 

Table  No.  21. —  Concrcte-hlock  production. 


Date. 


Cubic 
yards. 


1916, 

Feliniary 

March 

April 

May 

June 

Total 


1,017 
5, 337 
7,596 
9,207 
9, 6.39 


Manufacture  of  Ooncrete  Blocks  at  Gamboa. 

A  contract  was  entered  into  on  >\.ugust  2,  1915,  with  Messrs.  J.  A. 
Walker  and  W.  A,  Torbert,  under  the  firm  name  of  Walker  &  Torbert, 
for  the  manufacture  of  10,000  concrete  blocks,  measuring  7  feet  on  a 
side,  containing  12.3  cubic  yards,  and  weighing  about  50,000  pounds. 
The  right  was  reserved  to  increase  or  decrease  the  number  by  20 
per  cent.  Junior  Engineer  R.  A.  Wilson  has  acted  as  inspector  on 
the  manufacture  of  these  blocks  during  the  year.  Thirteen  bids 
were  received  on  the  specifications  which  were  issued,  varying  from 
S4.7355  to  $14.63  per  block.  Under  the  specifications  The  Panama 
Canal  was  to  furnish  the  gravel  and  cement  free  of  charge,  delivered 
at  the  point  of  manufacture.  Tlie  contractor  was  allowed  the  free 
use  of  equipment  and  second-hand  material.  The  mixture  under 
which  the  first  1,500  blocks  were  made  was  cement  and  run-of-bank 
gravel  in  a  proportion  of  about  1  to  6.  The  remaining  blocks  have 
been  made  of  a  mixture  of  1  to  about  4^. 

Award  was  made  to  Messrs.  Walker  &  Torbert,  the  lowest  bidders, 
at  S4.7355  per  block.  The  layout  of  the  contractor's  plant  is  shown 
on  Plate  No.  91.  It  consists  of  a  wooden  trestle,  from  which  was 
dumped  the  gravel  to  form  a  stock  pile  underneath  and  on  one  side. 
The  mixing  plant  consisted  of  three  half-yard  cube  mixers,  and  v»^as 
mounted  on  two  flat  cars,  running  on  parallel  tracks  14  feet  center  to 
center  along  one  side  of  the  trestle.  The  mixers  were  elevated  a 
sufficient  amount  to  discharge  directly  into  chutes  commanding 
forms  40  feet  from  the  mouth  of  the  mixers.  Each  mixer  was  fed 
by  gravity  from  a  6-yard  hopper.     The  hoppers  were  filled  by  a 
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locomotive  crane  of  the  type  known  as  a  "di teller,"  mounted  on  a 
car  which  ran  on  the  trestle  over  the  storage  pile.  The  trestle  was 
12  feet  from  the  mixer  track  and  14  feet  above  it.  The  gravel  was 
discharged  into  the  measuring  hoppers  by  a  sliding  gate,  where  it 
was  mixed  with  cement.  A  second  system  of  sliding  gates  fed  the 
mixture  into  the  mixers.  Cement  was  transferred  from  box  cars, 
running  on  the  mixer  track,  to  the  operating  platform  above  the 
mixers  by  a  Decauville  car  running  on  an  inclined  track  at  each  end 
of  the  mixer  installation,  operated  by  a  hoisting  engine.  The  cars 
carried  10  sacks  of  cement  and  averaged  a  trip  a  minute.  The 
empty  cement  sacks  were  cared  for  on  the  operating  platform  until 
the  end  of  the  day's  work.  Steam  was  supplied  for  the  mixers  and 
the  hoisting  engine  by  an  old  French  locomotive,  by  which,  also,  the 
entire  mixing  plant  was  moved  along  the  tracks.  Portable  wooden 
forms  of  seven-eighths  of  an  inch  material  were  used  on  permanent 
platforms  of  seven-eighths  of  an  inch  material.  Plate  No.  92  shows 
their  construction.  Two  corners  diagonally  opposite  are  nailed  solid; 
the  other  two  corners  furnished  with  wedge  blocks  are  free  to  move. 
The  two  pieces  of  forms  forming  the  four  sides  are  placed  on  the 
9-foot  square  platforms  with  the  chamfer  strips  for  the  Dottom  nailed 
to  the  platform  with  the  outside  ed^e  forming  a  7-foot  square.  The 
forms  are  wedged  up  to  the  chamfer  strips,  and  the  side  and  to]) 
chamfer  strips  are  then  placed.  To  remove  the  form,  the  wedges 
are  taken  out,  corners  spread,  and  the  entire  form  lifted;  180  forms 
and  394  bases  were  used.  The  forms,  placed  in  four  lonmtudinal 
rows,  were  grouped  in  sections  of  12  files  each,  forming  blocks  of  48. 
In  pouring  blocks,  a  gap  of  48  bases  was  left  between  each  group  of 
48  blocks,  and  the  forms  are  shifted  back  and  forth  thereon.  Some- 
times the  sections  or  groups  ha^e  been  less  than  48,  but  the  latter 
has  proved  the  most  economical  arrangement. 

In  casting,  a  recess  is  molded  on  two  opposite  sides  by  attaching 
boxes  15  inches  long,  8  inches  deep,  and  3  inches  thick  thereto. 
These  recesses  are  for  the  lifting  hooks.  It  was  found  satisfactory 
to  lift  the  blocks  from  72  to  96  hours  after  pouring  for  transfer  to 
the  storage  pile.  The  hooks  used  for  lifting  these  25-ton  blocks  are 
shown  on  Plate  No.  93.  They  were  designed  for  this  work  by  the 
contractors  and  proved  to  be  very  satisfactory,  indeed.  Each  pair 
of  hooks  weighs  about  2,600  pounds  and  has  a  clear  width  when 
open  of  about  7  feet  2  inches.  The  channel  iron,  which  keeps  the 
jaws  from  closing  to  less  than  6  feet  7  inches,  is  so  arranged  by  a 
notch  and  pin  that  when  the  hook  drops  over  the  top  of  the  block 
and  the  jaws  are  opened  to  clear  the  block,  the  channel  holds  them 
open  about  7  feet  2  inches,  which  enables  tlie  hook  to  be  lifted  off. 

The  contractors  used  two  40-ton  Bay  City  cranes  with  outriggers 
in  handling  these  blocks,  and  secured  better  balance  by  an  additional 
load  on  the  coal  and  water  tanks  of  about  5  tons  of  pig  iron.  The 
blocks  were  required  to  be  held  in  storage  before  shipment  to  Coco 
Solo  for  not  less  tlum  25  days.  The  first  block  was  cast  on  October 
9,  1915,  and  on  December  20,  1915,  the  contractors  were  notified 
that  advantajje  would  be  taken  of  the  offer  to  require  an  increased 
output  to  75  olocks  per  day,  and  that  they  would  oe  called  upon  to 
deliver  20  per  cent  (or  2,000)  additional  blocks. 

The  Chagrcs  River  gravel,  except  in  a  few  instances,  ran  quite 
uniform.     With   the  richer  mixture  it  has  proved  entirely  satis- 
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factory.  The  principal  difficulty  has  occurred  at  times  when  the 
dredge  commenced  a  new  cut,  when  deliveries  contained  an  undue 
amount  of  sand,  together  with  wood  and  other  foreign  substance. ' 

The  largest  number  of  blocks  mixed  in  one  day  was  on  March  30, 
when  101  blocks,  containing  1,242  cubic  yards  of  concrete,  were 
poured  in  11^  hours,  or  an  average  hourly  output  of  108  cubic  yards, 
or  36  yards  per  mixer  per  hour. 


Table  No.  22. 


-Walker  and  Torbert  contract — Rate  of  manufacture  of  concrete  blocks, 
and  the  total  to  date. 


[Manufacture  began  Oct.  9, 

1915.] 

Date. 

Blocks 
poured. 

To  date. 

Cubic 
yards. 

To  date. 

October 

1915. 

412 
775 
513 

1,108 
1,482 
1,909 
1,647 
1,695 
1,606 

412 
1,187 
1,700 

2,808 
4,290 
6,199 
7,846 
9,541 
11,147 

5,068 
9,532 
6,310 

13,628 
18, 229 
23,481 
20, 258 
20, 849 
19,  754 

5,068 
14,600 
20,910 

34,538 
52, 767 
76, 248 
96,  .506 
117,354 
137, 108 

November 

December 

Janiiaiv 

101 G. 

February 

March 

April 

Mav 

June 

Total , 11_  147 


137, 109 


Table  No.  23. — Rate  of  shipment. 
[First  shipment  November,  1915.] 


Date. 

Blocks 
shipped 
during 
month. 

Shipped 
to  date. 

Yardage. 

To  date. 

On  hand. 

1915. 
November 

274 
776 

700 
741 
740 
1,131 
1,610 
806 

3,370 
9,545 

8,610 
9,114 
9,102 
13,911 
19,803 
9,914 

December 

1,050 

1,750 
2,491 
3,231 
4,362 
5,972 
6,778 

12,915 

21,525 
30,639 
39,  741 
63, 653 
73,456 
83,370 

650 

1,058 
1,799 
2,968 
3,484 
3,569 
4,369 

1916. 
January 

February 

March 

April 

May ■  ■"" 

June 

Total 

6,778 

83,369 

Pier  No.  7  and  Other  Work. 

The  work  performed  by  the  subdivision  of  the  engineer  of  docks 
during  the  year,  including  both  design  and  construction  work,  was 
continued  under  the  supervision  of  Mr.  T.  B.  Monniche,  engineer  of 
docks,  who  was  in  immediate  charge  of  office  and  design,  and  was 
assisted  by  Supervisor  C.  A.  Nelson  on  construction. 

At  the  beginnmg  of  the  year  the  principal  work  underway  on  Pier 
No.  7  was  the  substructure,  the  condition  of  the  various  items  being 
as  follows : 

(a)  Driving  steel  cyluiders,  92  per  cent  complete. 

(h)  Excavation  of  cylinders,  85  per  cent  complete. 

(c)  Concreting  of  cylinders,  76  per  cent  complete. 
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During  August  and  September  each  of  the  above  items  of  work  was 
completed .  There  were  put  in  place  1 ,840  linear  feet  of  steel  cylinders, 
making  a  total  of  22,065  linear  feet;  2,077.9  cubic  yards  of  material 
were  excavated,  making  a  total  of  14,174.6  cubic  yards,  and  5,525.7 
cubic  yards  of  concrete  were  poured  into  the  cylinders,  making  a 
total  of  22,644.4  cubic  yards.  The  entire  substructure  was  completed 
on  September  7th, 

The  cylinders  are  6  feet  in  diameter,  remforced  at  the  top  by  eight 
standard  70-pound  and  56-pound  rails,  four  of  which  extend  down 
to  elevation  minus  68,  and  the  others  down  to  elevation  minus  22. 
The  eight  rails  extend  up  above  the  cylinders  to  elevation  plus  11,  and 
are  embedded  in  the  concrete  encasement  of  the  girder  connections 
for  the  purpose  of  providing  rigid  bracket  connections  between  the 
floor  system  and  the  cylmders.  By  this  arrangement  the  ability  of 
the  pier  to  resist  lateral  forces  is  greatly  increased.  The  excavation  of 
the  cylinders  was  performed  by  the  use  of  star  drills  and  the  bailing 
by  pulsometers. 

The  concrete  mixing  plant  used  for  the  cyhnders  is  shown  by  Plate 
No.  19  and  also  by  Plate  No.  89.  A  half-yard  mixer  with  hoppers 
was  mounted  on  a  flat  car.  Cement  was  supplied  from  a  box  car 
on  the  same  track  as  the  mixer.  A  pan  car  running  on  a  single  track 
inclined  runway  carried  cement  in  bags  from  the  cement  car  to  the 
mixer,  the  pan  car  being  operated  by  a  donkey  engine  mounted  on  a 
flat  car  carrying  the  concrete  mixer.  Run-of-baiik  gravel  was  sup- 
plied from  a  barge  alongside  the  pier  by  a  locomotive  crane  equipped 
with  a  clamshell  bucket.  No  rock  was  used  in  the  concrete.  The 
mixture  of  cement  and  run-of-bank  gravel  was  in  the  proportion  of 
1  to  4,  The  cost  per  linear  foot  of  steel  cylinder  m  place,  including 
material,  was  $9.48;  the  cost  per  cubic  yard  of  material  excavated, 
including  pumping,  plant  charges,  etc.,  was  S5.47,  and  the  cost  per 
cubic  yard  of  concrete  in  place,  including  reinforcing,  $5.31,  and  not 
including  the  cost  of  reinforcing,  $3.99.  The  cost  of  driving  was  high, 
which  was  due  to  the  large  amount  of  sand  encountered  making  the 
driving  slow  and  expensive.  The  average  depth  below  sea  level  to 
the  base  of  the  cylinders  is  about  91  feet,  the  maximum  depth  being 
130  feet.  The  high  cost  of  excavation  was  due  to  the  great  amount 
of  leakage,  through  seams  in  the  rock,  which  allowed  water  to  enter 
at  the  bottom  of  the  cylinders.  The  seams  in  the  rock  made  it  neces- 
sary to  seal  75  per  cent  of  the  cylinders,  for  which  the  cost  of  mixing 
and  pouring  concrete  was  as  high  as  $2.93  per  cubic  yard,  whereas 
the  unit  cost  of  the  balance  of  the  concrete  work  in  the  cylinders  was 
42  cents  per  cubic  yard,  and  the  combined  total  unit  cost  of  mixing 
and  placing  concrete  for  the  cylinders  was  64  cents.  The  total  cost 
of  the  substructure  was  $406,794.90. 

Floor  system. — The  setting  of  210  steel  pedestals  to  receive  the 
floor  system  was  completed  on  September  20,  1915.  The  erection  of 
the  floor  steel  was  started  by  the  American  Bridge  Co.  on  July  24, 
1915,  and  the  erection  of  the  total  weight  of  11,447,991  pounds  was 
completed  on  October  28,  1915.  All  cross  girders  and  main  longi- 
tudinal girders  were  designed  as  continuous  girders  after  a  complete 
solution  of  all  stresses  had  been  made.  The  contract  price  for  the 
fabrication,  delivery,  and  erection  of  the  floor  steel  was  $0.0227  per 
pound.  The  total  cost  of  the  steel  floor  system  in  place,  including 
the  cost  of  all  work  performed  by  the  subdivision  of  the  engineer  of 
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docks  aiul  })y  other  divisions,  was  approximately  $280,872.61 .  This 
figure  inckides  the  costs  of  pedestals,  crossties,  bumping  posts, 
gratmgs,  pipe,  mooring  hits,  and  miscellaneous  material  for  the 
fender  system. 

Reinjorced  concrete  floors. — The  pourmg  of  concrete  for  the  floor 
was  started  on  October  14,  1915,  and  completed  on  February  1,  1916, 
a  total  of  16,600  cubic  yards  of  concrete  being  used.  Run-of-bank 
gravel  was  used  throughout  for  the  floor,  the  mixture  being  1  to  4. 
The  total  cost  of  the  remforced  concrete  floor  was  $145,490.93, 
which,  for  the  16,600  cubic  yards  used,  amounts  to  a  unit  cost  of 
$8.78  per  cubic  yard,  the  reinforcmg  costing  $2.42  per  cubic  yard 
and  the  forms  $3.50  per  cubic  yard.  Due  to  the  shape  of  the  forms 
used  for  the  gii-ders,  it  is  estimated  that  4,900  cubic  yards  of  con- 
crete were  saved.  If  this  amount  be  added  to  the  actual  quantity 
of  concrete  poured,  the  unit  cost  of  the  reinforced  concrete  floor 
would  be  reduced  from  $8.78  to  $6.78  per  cubic  yard.  The  total  cost 
of  the  floor  was  approximately  $480,622.61. 

Slied. — It  was  expected  that  the  pier  shed  would  have  been  com- 
pleted by  March  15,  1916.  Serious  delays,  however,  have  been  caused 
by  present  shippmg  conditions,  which  have  retarded  the  delivery  of 
steel  for  more  than  six  months.  All  work  which  was  not  affected  by 
the  delay  m  the  shed  erection  has  progressed  satisfactorily.  About 
10  per  cent  of  the  steel  for  the  shed  was  not  delivered  on  l^fay  31. 
The  erection  of  the  shed  should  be  complete  by  June  30. 

Approximately  4,736,600  pounds  of  steel  w"ill  be  contained  in  the 
shed,  which  at  a  unit  price  for  manufacture  of  $0.02309  per  pound 
will  cost  approximately  $101,055.70.  The  erection  of  the  shed  is 
being  performed  by  Panama  Canal  forces  at  an  estimated  cost  of 
$7.50  per  ton.  The  total  cost  of  erection  is  estimated  at  $20,000 
and  the  shed  steel  in  place  at  approximately  $1 25,000.  The  contract 
for  furnishing  and  erecting  the  tihng  for  the  roof  of  the  shed  for  Pier 
No.  7  was  awarded  to  the  American  Cement  Tile  Manufacturing  Co. 
in  August,  1915.  There  have  been  manufactured  1,712  squares  of 
tiling  for  pier  No.  7,  for  which  the  contractor  wiU  be  paid  approxi- 
mately $30,130,  including  erection,  and  930  squares  of  tiling  have 
been  manufactured  for  work  other  than  Pier  No.  7,  for  which  the 
contractor  will  be  paid  approximately  $10,950,  which  does  not 
mclude  the  cost  of  erection,  as  this  work  is  being  done  by  Panama 
Canal  forces.  All  cement  and  sand  for  use  in  the  manufacture  of 
the  cement  tihng  is  being  furnished  by  The  Panama  Canal.  The 
sand  used  is  washed  Chagres  River  sand.  The  type  of  doors  selected 
for  use  on  Pier  No.  7  is  tliat  furnished  by  the  J." Edward  Ogden  Co., 
to  whom  the  contract  for  80  side  doors,'  2  end  doors,  and  40  swing 
columns  was  awarded  at  a  total  price  of  $71,988.80,  the  contractor 
to  pertorm  the  work  of  erection. 

MsceZZrtngows.— Approximately  280,000  paving  brick  have  been 
laid  on  the  floor  of  Pier  No.  7.  This  constitutes  20  per  cent  of  the 
work  to  be  done.  The  mstallation  of  water  piping  and  electrical 
conduit  IS  progressing  satisfactorily  and  should  be  completed  by 
beptember  1.  The  general  layout  of  Pier  No.  7  is  sho\ra  by  Plate 
/»  ?^'  ^^^  ^^-  '^'  Cteneral  Plan,  Elevations  and  Sections." 
Other  worlc  than  on  Pier  No.  7.— Borings  have  been  made  on  the 
site  of  the  proposed  Pier  No.  6,  that  indicate  that  the  character  of  the 
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material  to  be  met  with  is  essentially  the  same  as  for  Pier  No.  7, 
although  the  quantity  of  sand  to  be  driven  through  is  somewhat 
greater.  Borings  were  started  on  February  9,  to  ascertain  condi- 
tions to  be  met  with  in  extending  the  mole.  Twelve  holes  have  been 
drilled  out  of  a  total  of  53  to  be  made.  No  dredging  has  been  per- 
formed for  this  subdivision  during  the  fiscal  year.  It  has  been  recom- 
mended, however,  that  approximately  53,000  cubic  yards  of  material 
be  dredged  from  the  slip  between  Piers  Nos.  7  and  8,  so  that  the  mud 
line  may  be  brought  down  to  elevation  minus  41  over  this  area.  The 
manufacture  of  4,000  concrete  blocks  for  use  on  the  east  breakwater 
was  started  on  February  7,  and  completed  on  May  18.  The  blocks 
measure  4  feet  3  inches  on  a  side  and  contain  approximately  2.8  cubic 
yards  each,  making  a  total  quantity  of  11 ,200  cubic  yards.  In  pourmg 
the  concrete  blocks  the  same  concrete  mixing  plant  was  used  as  was 
used  for  the  floor  system  of  Pier  No.  7.  Use  was  made  of  three-sided 
forms,  the  fourth  side  of  the  block  coming  against  the  oiled  surface 
of  an  adjacent  block.  The  unit  cost  of  manufacturing  was  approxi- 
mately $3.66  per  cubic  yard  or  $10.23  per  block. 

Additional  facilities  for  the  Cristohal  terminal  piers. — During  the 
months  of  July,  August,  and  September  considerable  study  was  made 
with  the  end  in  view  of  developing  a  consistent  plan  whereby  the 
congestions  in  track  yards  and  traffic  in  the  vicinity  of  the  Cristobal 
piers  might  be  relieved.  The  plan  first  considered  was  based  on  the 
use  of  a  viaduct  crossing  the  tracks  on  Roosevelt  Avenue.  This  would 
effectively  decrease  the  interruptions  to  traffic  caused  by  the  con- 
stant switching  on  the  mole,  but  would  be  costly  and  somewhat  slow 
in  development  and  principally  for  these  reasons  the  scheme  was 
abandoned,  A  new  layout  of  tracks  was  then  proposed  having  as 
its  principal  feature  a  new  track  yard  built  on  a  fill  behind  the  United 
Fruit  Co.  office  building  and  the  Cristobal  fire  station,  this  yard  to 
have  sufficient  capacity  to  accommodate  approximately  135  cars. 
By  connecting  Dock  No.  9  and  Pier  No.  8  with  the  new  yard,  the 
removal  of  the  tracks  crossing  Roosevelt  Avenue  would  be  made 
feasible  and  the  interruption  to  traffic  removed.  This  plan  met 
with  approval,  and  work  was  started  in  making  the  new  fill  on  March 
15,  1916.  The  material  used  in  the  fill  was  soft  rock  from  the  Mount 
Hope  borrow  pit,  of  which  58,010  cubic  yards  were  used  in  the  fill, 
the  last  train  load  being  dumped  on  May  17,  1916.  As  yet  no  armor 
rock  has  been  placed  on  the  mole.  It  is  intended  to  supply  same  from 
surplus  rock  now  on  the  north  side  of  Cristobal  mole,  but  since  a  con- 
siderable quantity  of  paving  brick  and  other  material  are  stored  on 
the  area  in  question  and  a  storehouse  and  carpenter  shop  are  also 
located  there,  authority  was  obtained  to  postpone  the  armoring 
until  the  above  material  and  buildings  could  most  conveniently  be 
removed.  The  laying  of  tracks  for  the  new  yard  will  be  started  soon 
after  the  arrival  oi  the  material  from  the  United  States,  which  should 
be  about  June  15.  Plate  No.  90  shows  the  general  arrangement  of 
the  new  fiU  and  track  yard  which  is  estimated  to  cost  $84,422.  In 
connection  with  the  new  plans  for  the  new  track  yard  certain  other 
facilities,  also  shown  on  Plate  No.  90,  were  proposed  and  approved. 
A  new  office  buikhng  to  cost  approximately  $85,000  has  been  started 
close  to  Dock  No.  9  and  just  outside  the  customs  line.  Adjacent  to 
Dock  No.  9  a  local  freight  and  baggage  and  specie  house  will  be 
erected,  and  on  the  concrete  mole  between  Pier  No.  8  and  Dock  No. 
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9  ca  building  for  use  as  an  electric  charging  station  and  machine  shop 
sail  loft,  tool  rooms,  etc.,  will  be  built.  A  launch  house  for  the  port 
captam's  launches  will  be  built  on  the  boat  landing  just  below  the 
electric  charging  station  and  a  garbage  house  will  be  provided  at  the 
shore  end  of  Pier  No.  8.  A  new  road  layout  providing  for  an  exten- 
sion of  the  roadway  to  Pier  No.  7,  and  certain  new  roads  in  the  vicinity 
of  Dock  No.  9  and  Roosevelt  Avenue  has  also  been  approved. 

GENERAL. 

The  expenditures  of  the  division  of  terminal  construction  for  the 
first  11  months  of  this  fiscal  year  amounted  to  $5,526,652.37. 

The  average  number  of  employees  during  this  period  was  233  jrold 
and  2,478  silver.  ^ 

The  following  is  a  list  of  drawings  accompanying  this  report: 
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Dry  Dock  No.  1,  Balboa,  assembly  and  detail  for  cast-iron  keel  blocks 

and  no         ■  ^'  ^^^^°^'  S^^^^al  layout  and  details  of  bilge-block  .slides,  wall  brackets, 
Dry  Dock  No.  1,  Balboa,  details  of  blocking  system 
Dry  doclc  No.  1,  Balboa,  general  layout  and  details  of  blocking  system 
pf/r  M^  -  ^?;  ]'  ^f  ^°^'  snubbing  post  and  bollards  for  dry  dock  andentrance  pier. 
Pier  No.  < ,  Cristobal,  general  plans,  elevations  and  sections 
i  ler  No.  7,  concrete  mixing  plant  for  cylinders. 
Cristobal  terminal  piers,  general  plan,  Atlantic  terminals 
Sketch  No.  1.  General  plan  concrete  block  plant ,  Walker  &  Torbert  contract. 
qU-«^h  M^-  Q-  S^"?^^^  ^°i'^H?y  "-^1°^  concrete  blocks,  Walker  &  Torbert  contract, 
bketch  No.  3.  Tackle  for  handlmg  25-ton  concrete  blocks.  Walker  &  Torbert  contract 
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SUPPLEMENTAL  REPORT,  ENGINEER  OF  MAINTENANCE. 

The  foUowmg  report  of  operations  during  the  month  of  June  con- 
tinues the  record  of  operations  of  the  terminal  construction  work  to  the 
close  of  the  fiscal  year: 

Atlantic  Terminals. 

East  hreakwater. — During  the  month  51  cubic  yards  of  run-of-bank 
rock  from  Sosa  Hill  were  placed  in  the  breakwater,  and  2,548  con- 
crete blocks— 23,262.6  cubic  yards — were  placed  in  the  breakwater 
by  the  derrick  barges.  Eight  hundred  and  thirty-six  blocks — 
10,274.4  cubic  yards — were  obtained  from  the  output  of  the  con- 
tractors, Messrs.  Walker  &  Torbert,  at  Gamboa;  1,058  blocks — 
9,522  cubic  yards — ^from  the  output  of  the  block-casting  plant  at 
Coco  Solo,  and  654  blocks — 3,466.2  cubic  yards — from  the  output  of 
the  block-casting  plant  at  the  Cristobal  coaling  station.  Twenty 
thousand  seven  hundred  and  fifteen  yards  of  coral  rock  and  2,560 
cubic  yards  of  blue  rock,  total  23,275  cubic  yards,  excavated  by  the 
dredge  Marmot  working  at  the  Cristobal  coaling  station,  were  dumped 
from  scows  on  the  harbor  side  of  the  breakwater.  The  operations 
of  the  concrete-block-mixuig  plant  continued  12  hours  per  day  from 
June  1  to  June  26,  pouring  880  blocks — 7,920  cubic  yards.  On  Jmie 
27  the  plant  started  on  a  16-hour  per  day  working  basis  and  durmg 
the  last  four  days  of  the  month  poured  191  blocks — 1,719  cubic  yards. 
Total  blocks  poured  for  the  month,  1,071 — 9,639  cubic  yards — 
making  a  grand  total  to  July  1  of  blocks  manufactured  at  Coco  Solo 
of  3,644 — 32,796  cubic  yards.  Salvagmg  the  trestle  contmued.  A 
total  of  7,400  linear  feet  had  been  salvaged  at  the  close  of  the  month. 
The  sawmill  sawed  125,959  feet  b.  m.  of  lumber  from  the  salvaged 
material. 

Concrete-block  contract. — Durmg  the  month  1,606  blocks — 19,754 
cubic  yards — were  cast,  makmg  the  total  number  manufactured  to 
July  1,  11,147 — 137,108  cubic  yards— and  leavmg  853  blocks— 10,492 
cubic  yards — to  be  cast.  Tliere  were  used  in  the  manufacture  of  blocks 
at  Gamboa  during  the  month  107,510  bags  of  cement  and  18,548  cubic 
yards  of  gravel.  The  average  mixture  for  the  month  was  1  to  4.9, 
or  5.45  bags  of  cement  per  cubic  yard  of  concrete.  Tlie  daily  aver- 
age number  of  blocks  cast  during  the  26  days  of  the  month  on  which 
the  contractor  worked  was  61.8.  The  average  rate  of  shipment  of 
blocks  to  the  east  breakwater  was  31  per  day.  The  comparatively 
lower  rates  of  manufacture  and  shipment  against  corresponding  rates 
for  previous  months  was  occasioned  by  heavier  repairs  to  equipment. 
The  contract  with  Messrs.Walker  &  Torbert  was  terminated  at  the  close 
of  work  on  June  30,  and  the  loading  of  the  blocks  remaining  in  storage, 
4,369  in  number,  was  placed  mider  the  supervision  of  the  su])erin- 
tendent  of  construction  of  the  east  breakwater.  The  manufacture 
276 
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of  the  yardage  remaming  undor  the  Walker  &  Torbert  contract  was 
transferred  to  the  Coco  Solo  block-casting  plant.  The  average  force 
em])loyed  during  the  month  was,  gold  men,  8;  silver  men,  130; 
total,  13S. 

Cristobal  coaling  plant. — The  fender  system  for  all  wharves  was 
completed.  All  concrete  work  pertaining  to  the  coaling  station  was 
completed.  The  manufacture  of  the  remaining  authorized  yardage 
of  concrete  blocks  for  the  east  breakwater,  or  such  part  thereof  as 
may  be  required,  was  transferred  to  the  Coco  Solo  block-castmg  plant 
on  June  26.  At  the  time  work  was  stopped,  the  coalmg  station 
forces  had  manufactured  4,121  blocks  of  the  total  authorized  number 
of  4,600.  Dredgmg  m  the  reloader  slip  by  the  Marmot  continued. 
Tlie  contractor  under  Washington  Order  40483,  Mr.  Augustus  Smith, 
continued  work  on  the  various  units  of  his  contract.  Tests  on  the 
stockmg  and  reclaiming  bridges  were  stjirted  June  27,  and  propelling 
tests  were  made  with  reloaders  1,  2,  3,  and  4  on  June  30.  Under  item 
12-A,  including  viaduct,  conveying  system,  bunker,  etc.,  the  follow- 
ing work  was  performed : 

Approximately  16,800  poimds  of  structural  steel  were  placed  for 
the  conveyor  trusses  between  the  tower  and  wharf  bmiker,  making 
this  item  about  90  per  cent  complete.  The  conveyor  belt  structure 
was  about  95  per  cent  completed.  The  bunker  conveyor  was  about 
85  per  cent  completed.  Plank  footw:ilks  were  about  25  per  cent  com- 
pleted. Doors  m  the  tower  were  installed  but  not  completely  fin- 
ished. All  pipe  railmg  was  erected.  Erection  of  the  six  booms  for 
the  bunker  chutes  was  started.  The  structural  parts  of  the  wharf 
bimker  and  tower  were  about  85  per  cent  comi)leted ;  the  mechanical 
equipment  30  per  cent  completed,  and  the  electrical  equipment 
about  98  per  cent  completed.  Tests  were  run  on  the  conveyor  car 
system. 

The  forces  of  the  contractor  under  Washington  Order  40587, 
unloader  towers,  the  Hunt  Construction  Co.,  were  engaged  during 
the  month  in  adjusting  the  engmes,  completing  all  the  modified 
50-ton  hoppers,  and  improving  the  worm  shaft  bearings  of  the 
drivmg  trucks,  and  in  makmg  adjustments  in  the  various  parts  of 
the  tower  propelling  gears.  A  retest  of  unloader  tower  No.  4  was 
made  on  June  21. 

At  the  close  of  business  June  30  the  construction  force  was  dis- 
banded largely  by  transfer  of  employees  to  the  operating  force  of 
the  plant,  a  few  transfers  to  other  divisions,  and  three  resignations. 

Pacific  Terminals. 

Excavation. — Four  hundred  and  one  cubic  yards  of  excavation 
were  made  for  the  railroad  track  scales  near  Buildmg  No.  29;  144 
cubic  yards  were  excavated  for  permanent  drains  to  shops,  and  for 
bollards  at  Dry  Dock  No.  1.  The  greater  part  of  the  filling  and 
embankment  done  in  gradmg  at  the  coal  pocket,  shops,  and  wharves 
was  performed  by  the  division  of  municipal  enguieering. 

Dry  Dock  No.  1. — One  hundred  and  thirty-seven  cubic  yards  of 
concrete  were  placed  in  grouting  m  recess  covers,  fixed  irons,  and 
duct  lines.     Pipe  piles  were  driven   to  prevent  settlement  of   the 
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bollards  which  had  been  placed  on  earth  foundations.  The  pumping 
machinery  in  Buildmg  No.  29  received  a  coat  of  bitumastic  solution 
and  enamel.  Cast-iron  keel  blocks  were  set  in  the  dock  floor,  and 
about  one-third  of  them  grouted  in.  A  temporary  blocking  system 
was  mstalled,  and  on  June  27  the  dredge  Corozal  was  taken  into  the 
dock,  where  it  underwent  repairs  until  July  1.  Four  hundred  and 
eighty  linear  feet  of  horizontal  fenders  were  made  for  the  entrance 
pier. 

BulkJiead  wall. — The  slip  at  Dock  No.  17  was  dredged  to  finished 
depth  and  the  pontoons  and  landing  bridges  were  installed  complete. 
Tlie  slope  behmd  Dock  No.  19  was  riprapped  and  the  area  in  the 
vicinity  of  the  dock  was  graded.  Rat-proofing  work  was  performed 
by  slopmg  off  with  concrete  the  tops  of  the  caissons. 

Pier  No.  18. — Rat-proofing  work  lor  this  pier,  similar  to  that  per- 
formed for  the  bulkhead  wall,  was  started. 

Perrruinent  shops. — One  thousand  five  hundred  and  two  cubic  yards 
of  gravel  and  4,089  cubic  yards  of  earth  were  used  in  ballasting  tracks 
and  gradmg.  The  walls,  structural  steelwork,  wmdow  frames,  and 
fixtures  of  Building  No.  29  were  painted  and  all  scaffolding  removed. 

Balboa  coaling  ylant. — One  thousand  linear  feet  of  horizontal  fenders 
were  made  up  for  the  miloader  wharf  and  about  one-half  of  this 
amount  was  attached  to  the  dock.  Excavation  for  the  track  scales 
was  practically  completed.  Eight  concrete  blocks  were  placed  in 
the  subaqueous  coal  pocket  where  the  rip-rap  wall  had  been  destro^^ed. 
The  westerly  retaining  wall  of  the  coal  pocket  was  completed.  In 
grading  the  area  between  the  coal  pocket  and  the  reloader  wharf 
there  were  used  685  cubic  yards  of  gravel  and  718  cubic  yards  of  earth. 
The  concrete  work  on  the  wharf  bunker  being  performed  by  the  build- 
ing division  was  95  per  cent  completed.  Seven  hundred  and  ninet}^- 
seven  linear  feet  of  horizontal  fenders  were  made  up  and  stored  in  the 
coal  pocket  for  future  emplacement.  The  fitting  of  bearings  and 
brasses  of  the  hoist  engines  of  the  unloader  towers  was  completed. 
The  canopy  protection  for  the  stair  landing  on  the  water  side  of  each 
tower  was  erected  and  the  modification  oi  the  50-ton  hopper  of  mi- 
loader  tower  No.  6  was  begun.  Shakedown  tests  were  completed  on 
the  towers,  and  the  only  exceptions  noted  during  the  same  was  the 
jamming  of  the  duplex  valves.  The  engines  of  tlie  unloader  towers 
were  run  li^lit  for  general  observation.  Hand  railings  were  placed 
around  the  hoist  engines  in  both  towers,  and  overhauling  the  brakes 
and  worm  gears  of  the  traveling  trucks  of  tower  No.  6  was  started. 
On  the  reloader  towers  the  traversing  machinery  of  tower  No.  5  was 
installed;  the  50-h.p.  motor  was  erected  in  place  in  each  tower;  the 
general  work  of  cleaning  and  painting  machinery  was  continued. 
Seventy-five  per  cent  of  the  wooden  w^alkways  was  laid  and  the 
window  sash  were  75  per  cent  installed.  Extra  bracing  for  the 
operators'  cabs  was  60  per  cent  completed.  All  rheostat  supports 
were  installed  in  the  machinery  houses.  The  total  amount  oi  steel 
erected  in  the  viaduct  at  the  end  of  the  month  was  432  tons.  Fifty 
per  cent  of  the  creosoted  wood  ties  were  placed  and  bolted.  The 
steel  ties  were  retouched  with  red  lead  and  given  first  and  second 
field  coats  of  paint.  In  the  transformer  house  the  concrete  floor  at 
the  viaduct  level,  the  8-inch  floor  at  the  wharf  level,  and  the  duct 
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across  the  south  end  of  the  house  were  poured.  The  hy-rib  in  place 
was  given  the  scratch  and  finish  coats  oi  plaster.  Window  sash  and 
glass  were  installed  complete.  Erection  of  the  440-volt  switchboard 
was  5  per  cent  completed.  The  oil  switches  behind  the  board  were 
installed  and  bus-bar  supports  were  mounted  and  insulators 
installed.  The  scale  house  was  plastered  complete  and  the  window 
sash  and  glass  installed.  Forty  per  cent  of  the  exposed  steel  had 
been  retouched  with  red  lead  by  the  contractors  and  the  first  coat  of 
field  paint  was  25  per  cent  completed  on  the  wharf  bunker.  Concrete 
footings  around  the  conveyor  tower  were  completed,  and  the  con- 
tractors installed  all  of  the  window  sash  and  20  per  cent  of  the  glass 
in  this  structure. 

J.  Edward  Ogden  Co.  contract  for  doors  for  Pier  No.  18. — Riveting  of 
the  sheeting  was  completed  with  the  exception  of  one  end  door. 
Erection  of  the  housings  for  all  side  and  end  doors  was  completed. 
The  32  doors  on  the  south  side  of  the  pier  were  completed  on  June  10, 
and  the  32  on  the  north  side  on  June  17,  making  complete  erection  of 
64  doors  out  of  a  total  of  68.  Erection  of  the  four  end  doors  was  70 
per  cent  completed. 

Structural  steel  erection  {general). — The  structural  steel  roof  of  the 
Ancon  laundry  building,  including  142.4  tons  of  steel,  was  erected, 
6,265  rivets  being  driven.  The  55,000-barrel  oil  storage  tank  at 
La  Boca  was  completed  and  accepted.  In  this  work  61,324  rivets 
were  driven.  On  the  berm  cranes  the  operatmg  cable  was  strung, 
the  coal  hoppers,  platforms,  and  runways  completed,  necessary  altera- 
tions made,  machinery  inspected,  greased,  oiled,  and  put  in  working 
condition,  and  50  per  cent  of  the  second  coat  of  paint  was  applied. 
Repair  work  on  shop  buildings  Nos.  5,  8,  19,  20,  and  21,  which  were 
damaged  by  blasting  in  Sosa  HiU,  was  75  per  cent  completed. 
Scraping  and  painting  steelwork  in  the  pump  well  of  the  pump  house 
and  the  interior  work  of  building  No.  29  were  completed.  Blacksmith 
work  was  done  for  the  various  subdivisions  of  the  Pacific  terminals. 
During  the  month  557.5  tons  of  steel  were  erected  on  the  shed  of 
Pier  No.  7  at  Cristobal,  makmg  a  total  of  2,090.5  tons  erected,  and 
20,350  rivets  driven. 

General  Designing  and  Inspection. 

Working  drawings  were  issued  for  various  details  of  quay  wall 
C-D-E  and  for  the  support  and  attacliment  of  track  work  and  spe- 
cials. Work  continued  on  the  record  drawings  for  the  dry  dock  and 
entrance  pier,  and  revision  of  existing  drawings.  Work  was  com- 
menced on  tlie  construction  drawings  for  that  part  of  Dry  Dock  No.  2 
which  is  stiU  to  be  built,  in  accordance  with  the  policy  recently 
approved  to  prepare  working  drawings  and  specifications  for  the 
purchase  of  material  before  the  present  drafting  force  is  finally  dis- 
banded. Construction  drawings  were  completed  and  issued  and  work 
requests  made  on  the  building  division  for  the  construction  of  toilets 
to  be  suspended  below  the  decks  of  the  unloader,  reloader,  and  end 
wharves  of  the  Cristobal  coaling  plant.  A  drawing  showmg  a  sug- 
gested arrangement  of  toilets  for  the  Balboa  coahng  plant  employees 
was  made  and  placed  on  file  for  future  reference  and  consideration. 
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When  tlie  dredge  Corozal  was  docked  in  the  dry  dock  at  Balboa 
opportunity  was  had  to  operate  the  main  pumps  of  the  dock  for  the 
first  time.  They  operated  smoothly  under  zero  head.  The  main 
pumps  were  used  to  pump  the  dock  down  after  the  Corozal  had  entered 
the  dock,  and  the  pumps  that  were  operated  at  this  time  worked 
smoothly.  Obsei'vation  was  made  of  the  behavior  of  the  flooding 
valves  and  of  hj^draulic  conditions  generally,  but  no  especial  effort 
was  made  to  observe  and  record  more  than  general  behavior  and  time 
rec^uired  for  flooding.  Only  one  flooding  valve  was  in  action  at  this 
time. 

Chester  Harding, 
Engineer  of  Maintenance. 


4      ' 


APPENDIX  D. 
REPORT    OF   THE   RESIDENT   ENGINEER,   BUILDING   DIVISION. 


Balboa  Heights,  Canal  Zone,  July  31,  1916. 
Sir:  I  have  the  honor  to  submit  the  following  report  covering  the 
operation  of  the  building  division  during  the  fiscal  year  ending  June 
30,   1916. 

organization. 

At  the  close  of  the  last  fiscal  year  the  work  of  the  division  was 
being  carried  on  in  five  districts  or  subdivisions,  viz.  Northern  Dis- 
trict, Central  District,  Southern  District,  Fort  Amador  District,  and 
designs.  September  1  the  Fort  Amador  District  was  consolidated 
with  the  Southern  District,  and  placed  in  charge  of  Superintendent 
J.  B.  Fields.  The  Northern  District  continued  in  charge  of  Super- 
intendent James  Cosgrove,  and  the  Central  District  in  charge  of 
Superintendent  E.  L.  GaUiher.  Architect  Samuel  M.  Hitt  remained 
in  charge  of  the  architectural  branch  of  the  designing  sub-division, 
and  Assistant  Engineer  T.  C.  Morris  remained  in  charge  of  the  en- 
gineering designs. 

BUILDING    operations. 

BUILDINGS   AUTHORIZED   AND   CONSTRUCTED. 

The  work  carried  on  by  the  division  is  divided  into  three  general 
classes,  viz,  construction  of  all  new  buildings  for  the  canal  and  the 
Panama  Railroad;  maintenance  and  repair  of  existing  canal  and 
Panama  Railroad  buildings,  where  such  repairs  exceed  $50  in  cost 
for  any  one  item;  and  construction  of  buildings  for  the  Coast  Ai'til- 
lery  and  mobile  troops.  Under  the  classification  "New  Buildings 
for  the  Canal"  are  included  all  buildings  for  which  definite  congres- 
sional appropriations  are  made;  buildings  specially  authorized  for 
construction  by  the  Governor;  and  buildings  autliorized  for  construc- 
tion by  the  Panama  Railroad.  Under  tlie  classification  '  'Army  work ' ' 
are  included  all  buildings  listed  in  the  two  appropriations  known  as 
the  S70('  000  ai)d  $1,290,000  appropriations,  and  also  such  additional 
new  bui  lings  as  were  authorized  from  time  to  time  by  special  orders 
of  the  Secretary  of  War.  The  buildings  authorized  under  the 
$700,00  appropriation  having  been  practically  completed  by  the 
close  of  uhe  fiscal  year  1915,  work  during  the  past  year  was  confuied 
to  buildings  carried  in  the  $1,290,000  appropriation. 

The  following  tables  give  all  principal  buildings  costmg  more  than 

$1,000  that  were  in  course  of  construction  at  the  beginning  of  the 

fiscal  year,  and  all  buildings  authorized  during  the  year  on  which 

construction  was  commenced  and  completed  or  partially  completed. 
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CANAL  AND  PANAMA  RAILROAD  BUILDINGS. 


Name  of  building. 


Number 
of  build- 
ings. 


Type. 


Date  completed. 


Cost. 


Vnder  construction  July  1,1915. 

1-family  cottage 

4-family  quarters 

2-family  quarters 

4-family  quarters 

2-family  quarters 

Corozal  Railroad  station 

Hospital,  Colon 

Slaughterhouse 

Extension  of  Miraflores  power 

house. 
P.  R.  R.  stables,  Panama 

Total 


Buildings  commenced  during 
year. 

Crematory 

Bachelor  Pilots'  Building 

Refrigerating  and  ice  plant, 
exclusive  of  machinery. 

Garage,  10  stalls 

Colored  married  quarters 

Stock  pens 

Office  and  apartment  build- 
ing, American  Bible  So- 
ciety. 

New  Ancon  Hospital 

Reconstruction  of  old  Ancon 
administration  building. 

1-family  cottage 

Ice-cream  and  mUk-bottling 
plant. 

Quarters  for  cripples,  Corozal. . 

4-stall  garage,  Cristobal 

Bachelor  building,  colored 
employees. 

6-staU  garage 

Cattle-dipping  tank 

Terminal  building,  Balboa 

Bachelor  building,  Ancon. 

I^aundry 

Y.  M.  C!  A.  clubhouse,  Ancon. 

10-st  all  garage 

Yacht  Club,  Balboa 

f)-stall  garage 

Launch— s  u  p  e  r  i  n  t  e  ndent's 
building.  Balboa. 

Office  building,  Cristobal  coal- 
ing plant. 
/10-stall\„„  „„„„ 
i20-stall|gar'^ges 

Swimming  pool,  Balboa 

Dressing  room,  bathhouse 

Tower  water  tank 

Poultry  building 

Toilet  "building  No.  25,  Bal- 
boa terminals. 

Panama  R.  R.  stable  exten- 
sion, Panama  City. 

Signal  station 

Electric  repair  shop,  Gatun... 

Hotel  l)uilding.  (iatim 

Terminal  builcling,  Cri-stobal.. 

Storehouse,  dredge  parts,  Pa- 
raiso. 

Commissary  building,  Mar- 
garita. 

Air  compressor  and  pump 
building  No.  29,  Balboa 
terminals. 

Store  building.  Colon  Hospital 

Coal  bunker,  Balboa 

Mess  building,  locks 

Bathhouse,  Washington  Ho- 
tel. 

Local  freight  and  baggage 
building,  Panama  R.  R., 
Cristobal. 

Toilet  rooms,  Cristobal  coal- 
ing station. 

Pattern  storage  building 


60 


Type  17,  revised  frame. 
Tyi^e  14, revised  frame. 
Type  4,  revised  frame. 

Concrete,  new  type 

do 

Concrete 

....do 

Concrete  and  frame 

Concrete , 


Concrete  and  frame. 


Julv,  1915 

August,  1915 

....do 

September,  1915. 

August,  1915 

July,  1915 

March,  1916 

September,  1915. 
August,  1915 

October,  1915.... 


Concrete. 
Frame . . . 
Concrete . 


November,  1915 

....do 

May,  1916 


Concrete  and  frame 

Frame,  12  families  each. 
Frame 

Concrete,  terra-cot  ta — 


November,  1915 

do 

do 

95  per  cent 


....do... 
Concrete . 


Type  17,  revised  frame. 
Concrete,  terra-cotta. . 


Frame. 
....do. 
....do. 


May,  1916 

January,  1916. .. 

November,  1915 
85  per  cent 


November,  1915 
December,  1915 
do 


Frame  and  concrete 

Concrete 

Concrete  and  terra-cotta. 

do 

Concrete  and  steel 

Frame 

Frame  and  concrete 

Frame 

Frame  and  concrete 

Concrete 


Concrete  and  steel. 


do 

November,  1915 

June,  1916 

do 

do 

March,  1916 

December,  1915. 

May,  1916 

.Tariuarv,  1916. . 
February,  1916. 

June,  1916 


Frame  and  concrete. 

Concrete 

Concrete  and  frame.. 

Concrete 

Frame 

Concrete  and  steel.. . 


Concrete  and  frame. 


Type  17,  frame  cottage. 

Concrete  and  frame 

do 

Concrete  and  terra  cotta 
Frame 


do 

Concrete  and  steel. 


March,  1916. 

May  1916... 
do 

March,  1916. 
April,  1916.. 
May,  1916... 

June,  1916. . . 

April,  1916.. 
May,  1916... 
75  per  cent . . 
."^O  per  cent . . 
May,  1916... 


do.... 

Jmie,  1916. 


Concrete  and  terra  cotta 

Concrete 

Concrete  and  frame 

Concrete  and  terra  cotta. 


Concrete  and  steel. 


do 

do 

do 

60  per  cent. 

20  per  cent . 


Concrete 

Concrete  and  frame. 
'Set. 


75  per  cent . 
55  per  cent . 


$21,324.11 
82, 680. 80 
34, 529. 14 

211, 701. 61 
30, 588. 33 
17, 173. 88 

172, 169. 70 

4, 640.  79 

35, 129. 77 

38,907.82 


648,845.95 


13, 126. 24 

5, 69S.  14 

130,683.79 

3,059.47 

34,370.04 

2,750.76 


129, 182. 50 
27,960.85 

2, 129. 56 


3,059.94 

817. 18 

5,222.62 

1,406.05 

1, 049. 43 

70, 594.  76 

69, 139.  25 

68,849.69 

19, 877.  S4 

1, 979.  S9 

9,715.26 

4,659.66 

1,656.48 

20,895.06 

5,989.11 

11,391.12 
3,415.92 
7, 456.  26 
2,612.70 
7, 050.  89 

31,372.70 

5,214.56 
1,911.50 


3,252.58 

62.00 

38,461.71 


4,447.96 
10, 9.\0. 37 
7,484.49 
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CANAL  AND  PANAMA  BAILROAD  BUILDINGS— Continued. 


Item. 

Name  of  l)iiiklin{;. 

Number 
of  build- 
ings. 

Type. 

Date  completed. 

Cost. 

57 

Buildings  cnvimcnced  during 
2/tor— Continued. 

Motor-bus  repair  shop 

JJowliiig    alleys,     La     Boca 
Y.  M.  C.  A.  clubhouse. 

Total 

1 
1 

do 

5  per  cent 

5S 

Concrete 

1  per  cent 

68 

$768,021.15 

Total  number  canal  and  Panama  R.  R.  buildings  completed  or  partially  completed  during  year,  12S. 
Total  cost  of  completed  buildings,  SI, 416,807.10.  . 

ARMY  BUILDINGS. 


Name  of  building. 


Under  construction  July  1 ,  1915. 

Field  office  quarters 

4-family  lieutenant's  quarters. 

2-faniily  captains'  quarters 

Noncommissioned       officers' 

quarters. 
Barracks 


Engineer  company  stables 

Wagon  shed.  Engineer  com- 
pany. 

Signal  company  stables 

Signal  company  wagon  shed. . . 

Stables,  ambulance  company. 

Wagon  sheds,  ambulance 
company. 

Stables,  Cavalry 

Equipment  buildings,  Cav- 
alry. 

Stable,  Artillery 

Equipment  buildings 

Double  mess  building 

l-family  cottage 

200,000-gallon  water  tank 

Total 

Buildings  commenced  during 
year. 

Pump  station  and  sump 

Lieutenants'  quarters 

Captains'  quarters 

Storehouse,  Amador 

Storehouse,  Naos 

Staff  quarters 

do 

do 

Lieutenants'  quarters 

Commanding  officer's  quar- 
ters. 

Headquarters  building 

Barracks,  Quartermaster  com- 
pany. 

Noncommissioned  officers' 

Stable  and  wagon  shed 

Storehouse 

Staff  quarters 

do 

Quarters,  colored  employees. 
Navy,  Darien. 

Dock.  "Margarita 

StorenoiLse 

Incinerator 

]?arracks.  Artillery 

Storehouse,  Engineers 

Stable  and  wagon  shed 

Storehouse,  signal 

Storehouse,  ordnance 

Total 


Number 
of  build- 
ings. 


Type. 


Concrete  and  terra  cotta, 

do 

do 

do 


Concrete     and     frame 
floors. 

Concrete  and  frame 

Frame 


Concrete  and  frame. 

Frame 

Concrete  and  frame. 
Frame 


Concrete  and  frame. 
Frame 


Concrete  and  fram^e 

Frame 

do 

Type  17,  old  cIs.,  frame. 
Concrete 


Concrete 

Type  E/2,  l-family  frame 
Type  20,  l-family  frame. 

Concrete,  terra  cotta 

do 

Type    8,    frame,    slate 
roofs. 

Type  21,  frame 

Type  20,  frame 

Type  E/2,  frame 

Type  3,  frame 


Frame. 
do. 


Type  14,  revised  frame . . 
Concrete  and  frame... 

Concrete 

Type  20,  frame 

Type  21,  frame 

Frame 


Timber 

Concrete  and  frame. 
Concrete  and  brick. 

Frame 

Concrete 

Concrete  and  frame. 

..*... do 

Frame 


Date  completed. 


September,  1915. 

do 

do 

August,  1915 

September,  1915. 


July,  1915. 
do.... 


-do. 
.do. 
.do. 
.do. 


November,  1915. 
do 


December,  1915.. 
September,  1915. 

August,  1915 

July,  1915 

August,  1915 


November,  1915. 
December,  1915. 
January,  1916... 
October,  1915..., 
January,  1916. . . 
November,  1915. 


....do 

October,  1915..., 
December,  1915. 
February,  1916., 


March,  1916. 
do 


February,  1916., 
November,  1915, 

March,  1916 

January,  1916. . . 

do , 

November,  1915. 


May,  1916... 

do 

June,  1916. . . 
March,  1916. 
May,  1916... 
April,  1916.. 

do 

do 


Cost. 


$27, 845. 90 
40,764.55 
44,415.73 
36,608.40 

131,517.39 

5,932.31 
1,473.62 

7,87L94 
1,406.41 
8,417.30 
2,023.09 

40,313.29 
12,240.07 

47, 653.  24 
9,351.49 
3, 146.  59 
5, 054.  29 
5,096.10 


431,131.71 


5,760.81 
27,8:30.41 
18, 134. 51 
26, 715. 60 
21, 844.  30 
39,945.19 

6,058.26 
7,073.49 
8.506.49 
7,570.87 

30, 800. 70 
49,900.45 

15, 653.  89 
5, 184.  06 
31.674.31 
14, 616.  89 
5, 759.  75 
2,279.86 

14, 616.  76 
17,911.45 
7,644.62 
10, 505. 31 
4, 838.  63 
3, 405.  62 
1,355.40 
6, 045. 91 


391, 633.  54 


Total  number  Army  buildings  completed  or  partially  completed  during  year,  80. 
Total  cost  of  completed  buildings,  $822,765.25. 
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Total  number  of  buildings  completed  or  partially  completed  for 
the  canal,  Panama  Railroad,  and  Army,  214;  total  cost  completed 
buildings,  $2,239,632.35. 

In  addition  to  tlie  above  work  there  were  constructed  a  large 
number  of  smaller  buildhigs,  costing  between  $200  and  $1,000.  The 
total  number  of  separate  pieces  of  work  costing  in  excess  of  $50, 
for  which  authority  for  expenditure  was  issued,  amounted  to  823. 
The  total  number  of  small  jobs  accomplished,  costing  less  than  $50, 
amounted  to  237. 

Among  the  principal  items  of  special  work  handled  by  the  division 
during  the  year  may  be  mentioned  the  following:  Installation  of 
refrigeration  and  ice  manufacturing  equipment  in  the  new  Balboa 
refrigerating  plant;  the  design  and  installation  of  time  ball  and  signal 
apparatus  for  the  Sosa  Hill  signal  station;  the  relining  with  cast 
iron  the  baffle  piers,  in  the  Gatun  Spillway;  installation  of  vault, 
marble  counters,  and  grill  work  in  the  Commercial  Bank,  Panama 
City;  installation  new  metal  trim  and  hardware  and  refinishing 
exterior  walls  of  Masonic  building  in  Colon;  similar  work  in  three- 
story  concrete  apartment  building  located  at  corner  of  Front  and 
Eleventh  Streets,  Colon,  and  in  the  Colon  passenger  station.  Also 
dismantling  at  Culebra,  transporting  to  Gatun,  and  reerecting  four 
frame  buildings  for  officers'  quarters;  moving  three  cottages  and 
two  2-story,  type  18  buildings  at  Toro  Point  to  flank  and  rear  of 
gun  battery. 

GENERAL   BUILDING   OPERATIONS. 

The  construction  of  each  building  was  carried  on  under  what  may 
be  termed  the  single  unit  organization,  as  outlined  in  last  year  s 
report.  The  continuation  of  this  method  of  work,  started  during  the 
fiscal  year  1915  as  a  departure  from  the  previous  method  of  swing- 
ing different  gangs  from  building  to  building,  seems  justified  by  the 
results  obtained. 

In  order  to  obtain  competition  and  to  ascertam  to  what  degree, 
if  any,  the  contract  system  would  prove  cheaper  than  doing  the 
work  by  force  account,  contracts  were  let  for  the  construction  of 
four  4-family  frame  houses  and  two  4-family  concrete  houses.  The 
lowest  bid  received  for  the  frame  house  was  considered  too  high 
under  the  circumstances  and  was  thrown  out.  Subsequently  the 
bidder  informally  offered  to  reduce  his  figure  per  house  approxi- 
mately $200,  and  accordingly  contract  was  entered  into  witfi  him. 
The  same  party  was  also  given  the  contract  for  the  concrete  quartei-s, 
for  which  he  was  likewise  the  lowest  bidder.  Simultaneously  with 
the  construction  of  these  buildings  by  contract  several  buildings  of 
identical  types  were  constructed  in  the  same  vicinity  by  force  ac- 
count. Special  effort  was  made  to  insure  correct  distribution  of  costs 
on  all  buildings  so  that  the  basis  for  comparison  of  costs  between 
contract  and  force  account  would  be  a  just  one.  It  developed  that 
the  frame  buildings  cost,  under  the  contract  system,  on  an  average  of 
$696  per  building  more  than  those  built  by  force  account.  The  dif- 
ference was  not  so  marked  on  the  concrete  buildings,  but  in  this 
instance  it  was  again  greater.  The  table  following  gives  the  actual 
costs  and  differences  for  the  two  methods. 
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By  force  account . 

I?y  contract. 

Number 

ol 
buildings. 

Class  of  buildings. 

Total 
cost. 

Average 
cost. 

Number 

of 
buildings. 

Class  of  buildings. 

Total 
cost. 

Average 
cost. 

11 

S 

4-family  frame 

4-family  concrete . . . 

$54,972 
166,366 

$4,997 
20, 796 

4 
2 

4-family  frame 

4-family  concrete. . . 

$22,772 
45,335 

$5,693 
22,667 

The  frame  buildings  constructed  by  force  account  cost  12  per  cent 
less  than  those  built  by  contract,  and  the  concrete  buildings  cost 
8  per  cent  loss  than  those  built  by  contract. 

Subsecfuent  to  the  completion  of  the  above  contracts,  all  buildings 
have  been  built  by  force  account  exclusively. 

The  construction  of  buildings  with  bearing  walls  of  hollow  concrete 
blocks  or  terra  cotta  was  discontinued.  All  concrete  buildings  built 
during  the  year  were  designed  with  poured  reinforced  concrete  main 
walls  and  floors.  Hollow  concrete  blocks  were  used  only  for  interior 
partition  walls  and  as  such  carried  no  part  of  the  building  load.  The 
indications  are  that,  aside  from  being  a  more  durable  and  safer  form 
of  construction,  this  design  is  cheaper  than  the  all-block  plaster  and 
stucco  system. 

As  stated  in  last  year's  report,  the  use  of  hard  finished  white 
plaster  was  considered  less  satisfactory  than  plain  cement  plaster 
painted,  and  was  therefore  abandoned.  The  interior  of  all  concrete 
buildings  constructed  during  the  fiscal  year  were  finished  in  cement, 
the  surface  treated  chemically  and  painted  in  colors  most  suitable. 
Experience  indicates  that  such  a  wall  is  less  expensive  in  first  cost 
and  maintenance,  and,  due  to  its  hardness,  more  serviceable. 

The  use  of  corrugated  ii'on  for  roofs  of  frame  buildmgs  has  been 
standard  on  the  Isthmus  from  the  begmnmg  of  canal  operations. 
For  temporary  frame  buildings  that  may  be  subject  to  removal  and 
reerection,  this  material  is  without  doubt  the  most  satisfactory, 
but  for  buildings  of  a  semipermanent  character,  designed  to  stand 
during  the  life  of  the  frame,  12  to  15  years  at  least,  corrugated  iron 
is  not  so  satisfactory  m  that  it  is  a  source  of  expense  for  upkeep,  is 
unsightly,  and  deteriorates  rapidly.  This  latter  is  particularly  true 
when  it  is  exposed  to  the  salt  air,  as  along  the  Cristobal  and  Colon 
beach.  Considerable  thought  has  been  given  to  this  question,  and 
in  an  endeavor  to  find  some  substitute  several  difterent  classes  of 
roofing  material  have  been  tried,  viz,  asbestos  cement  shingles,  cor- 
rugated asbestos  cement  board,  and  asphalt  shingles.  The  first  two 
materials  meet  the  durability  requirements  and  elimmate  the  cost  of 
maintenance,  but  they  are  not  pleasing  in  appearance  and  are  high 
in  first  cost.  The  red  asphalt  shingle  was  placed  on  two  buildmgs 
in  January,  1916,  for  trial.  Certam  special  experiments  were  also 
made  with  the  shmgle,  and  the  results  seem  to  indicate  that  it  is 
entirely  satisfactory  for  frame  building  roofs,  subject  to  the  climatic 
and  other  special  conditions  obtaining  on  the  Isthmus.  Further,  at 
the  present  market  price  of  corrugated  iron,  the  asphalt  shingle,  to- 
gether with  its  supporting  sheathing,  is  approximately  $5  per  square 
cheaper  than  the  iron,  and  at  the  price  of  iron  before  the  war  the  costs 
are    approximately   equal,  considering    the   current    shingle    price. 


286 


THE   PANAMA   CANAL. 


Accordingly,  authority  was  given  to  adopt  the  red  asphalt  shingle  for 
all  frame  b'uildmgs  to  be  constructed  during  the  year  1916. 

The  manufacture  of  hollow  concrete  blocks  was  continued  at  the 
Corozal  block  plant  until  December,  1915,  at  which  time  it  was 
closed  down.  The  change  m  design  of  concrete  buildmgs  ehmmated 
the  necessity  for  blocks  m  larger  sizes  than  3  by  12  inches  and  4  by  12 
mches,  and  arrangements  were  therefore  made  to  consolidate  and 
reduce  the  size  of  the  plant.  Two  of  the  8-inch  machmes  were 
altered  into  4-inch  machmes,  and  the  plant  was  made  ready  to  start 
operations  at  any  tune  the  stock  of  blocks  became  depleted. 

The  table  foUowmg  gives  the  size,  number,  and  unit  costs  of  blocks 
for  the  months  of  July  to  December,  inclusive : 


Month. 

Size. 

Number. 

Unit  cost. 

Total 
cast. 

Tulv  1915                        

4  by  12  bv  12 
6  by  12  by  12 

36, 210 
5,980 

SO.  0815 
.1205 

$2, 950. 16 

720.66 

Total                            

42, 190 
27, 841 

9,889 

1 .  0870 
.0837 
.  1239 

3, 670. 82 

4  bv  12  bv  12 
6  by  12  by  12 

2,331.40 

1,224.90 

Total                  

37, 730 
11,401 
23,097 
11,065 

1  .  0942 
.  0606 
.0742 
.  1104 

3, 556.  30 

3  by  12  bv  12 

4  by  12  bv  12 
6  by  12  by  12 

691.90 

1, 725. 17 
1,222.49 

Total                     

45, 563 
10,922 
19, 140 
4,665 

1  .  0798 
.0692 
.0852 
.1260 

3,  a39.  56 

3  bv  12  bv  12 

4  by  12  bv  12 
6  by  12  by  12 

755. 76 

1,630.04 
612. 85 

Total         

34,927 

8,778 
14,951 

1  .  0859 
.0742 
.0914 

2,998.65 

3  by  i2  bv  i2 

4  by  12  by  12 

652.09 

1,366.97 

Total                           

23,729 

602 

1,112 

» .  0850 
.1823 
.2244 

2,019.06 

3  by  12  by  12 

4  by  12  by  12 

109. 77 

249. 57 

Total                       

1,714 

1  .  2096 

359.34 

I  Indicates  average  cost  and  includes  approximately  80.02  plant  arbitrary. 

COMPARATIVE    COSTS. 

The  division  is  constantly  called  upon  to  furnish  estimates  of  costs 
for  buildings  of  all  sizes  and  character.  These  estimates  are  generally 
required  before  the  designs  can  be  made  and  must  be  based  on 
merely  the  over-all  dimensions  and  a  small  amount  of  data  of  the  most 
general  scope  as  to  the  class  of  material  to  enter  into  the  structure. 
Such  estimates  compel  the  use  of  the  unit  cost  per  cubic  foot  volume 
of  the  building.  While  this  method  majr  give  reasonably  accurate 
estimates  if  correct  data  is  available  for  similar  buildmgs  previously 
constructed,  it  more  often  leads  to  erroneous  results,  due  to  lack  of 
information  as  to  the  base  used  for  figuring  the  cube  of  other  build- 
ings; cost  of  labor;  cost  of  material  and  other  charges;  lack  of  de- 
scription of  grade  of  material  m  building;  absence  of  description  of 
foundation;  and  lack  of  data  regarding  material  handlmg  cost. 
This  last  item,  due  to  location,  often  amounts  to  as  high  as  11  per 
cent  of  the  total  cost  of  the  building.^  Such  erroneous  estimates 
may  give  the  corresponding  erroneous  impression  of  econorny  and 
good  management,  or  vice  versa,  accordingly  as  the  building  is  built 
for  less  or  more  than  the  estimate. 
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With  a  view  of  graduallj  compiling  as  complete  data  as  possible 
of  all  classes  and  types  of  buildings  constructed  by  the  division,  it 
has  been  the  endeavor  to  keep  a  comprehensive  and  detailed  distribu- 
tion of  costs  for  each  buildmg.  The  following  table  of  unit  costs  is 
based  on  such  costs  of  35  groups  of  buUdings  completed  during  the 
fiscal  year,  covering  a  total  of  102  buildmgs. 

The  cube  of  all  frame  buildmgs  is  the  product  of  the  extreme  out- 
side wall  dimensions  (over  porches)  and  the  height  from  the  bottom 
of  the  sill  to  a  pomt  midway  between  the  upper  ceiling  and  the  rido-e 
of  the  roof,  or  to  the  upper  side  of  the  roof  if  flat.  For  concrete 
buildmgs  it  is  the  product  of  the  extreme  outside  wall  dimension 
(over  porches)  and  the  height  from  the  finished  ground  level  to  the 
center  of  the  roof,  as  mdicated  for  frame  buildmgs.  This  applies 
to  all  concrete  builduigs  having  standard  spread  footmgs  placed  not 
to  exceed  2  feet  below  ground  level.  In  cases  of  buildings  having 
special  fomidations,  pile  or  other  type,  the  cost  of  this  is  shown 
separately  as  a  percentage  of  the  total  unit  cost  which  is  based  on 
the  given  standard  cube  rule  above. 
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NEW    ANCON  HOSPITAL. 


Group  4,  section  A. — On  May  1,  1916,  the  first  ward  group,  known  as 
section  "A,"  of  the  new  Ancon  Hospital  was  completed.  The  build- 
ing, designed  on  the  pavilion  system,  comprises  three  buildings,  each 
two  stories  in  height.  The  two  ward  buildings,  40  by  138  feet,  have 
been  designed  as  lar^e  wards,  accommodating  29  patients  in  each 
ward,  and  these  buildings  have  a  porch  entirely  surrounding  them. 
The  service  section,  32  by  92  feet,  connecting  these  two  ward  groups, 
provides  toilet  accommodations,  dining  room,  nurses'  room,  and 
special  rooms  on  each  floor,  and  a  kitchen  has  been  provided  on 
the  second  floor,  with  dumb-waiter  service  to  the  first  floor  and 
basement. 

All  of  the  exterior  and  interior  walls,  excepting  nonsupporting 
interior  walls  less  than  6  inches  thick,  have  been  made  of  reinforced 
concrete,  and  all  others  budt  up  of  cement  blocks  with  a  hard,  smooth 
cement  plaster  finish.  AU  floor  slabs  have  been  constructed  of  rein- 
forced concrete,  and  most  of  the  rooms  have  been  provided  with  red 
or  white  tile  floors.  AU  of  the  interior  walls  and  ceiUngs  have  been 
treated  with  an  enamel  washable  paint,  which  gives  a  pleasing  effect 
to  the  interior  and  makes  a  more  sanitary  building. 

The  roof,  of  yeUow-pine  construction,  has  been  covered  with  a  red 
vitreous  tile,  and  suitable  copper  ventilators  have  been  arranged  to 
keep  a  good  circulation  of  air  throughout  the  roof  space. 


COLON    HOSPITAL. 


During  the  month  of  June,  1915,  building  operations  were  started 
on  the  new  two-story  hospital  at  Colon,  and  on  April  10,  1916,  the 
building  was  completed.  The  building  is  situated  within  the  old 
hospital  grounds  on  the  Beach  Road,  and  commands  an  unobstructed 
view  of  the  Atlantic  Ocean. 

In  order  to  meet  the  local  climatic  conditions  the  pavilion  scheme 
was  adopted,  which  divides  the  group  into  four  distinct  imits  with 
intercommunicating  passageways.  The  central  unit,  in  which  the 
operating  suite  and  administrative  offices  are  located,  is  about  45  feet 
wide  by  53  feet  6  inches  long,  with  an  extension  in  front  24  feet  by  20 
feet  4  inches,  which  forms  a  covered  entrance  way  and  makes  provision 
for  an  operating  room  on  the  second  floor  with  exposure  on  three  sides. 

The  ward  buildings,  approximately  40  by  130  feet  on  either  side  of 
the  central  unit,  have  been  divided  into  various  wards  and  private 
rooms,  with  a  total  capacity  of  50  patients.  In  addition,  the  dispen- 
sary, X-ray  room,  pharmacy,  and  emergency  ward  occupy  a  portion 
of  the  first  floor  of  the  right  wing. 

The  general  service  bufldmg,  41  by  83  feet,  comprising  the  kitchen, 
dining  room,  helpers'  quarters,  etc.,  also  has  a  central  location, 
directly  in  the  rear  of  the  admmistration  unit,  which  makes  the 
portion  accessible  and  convenient  to  all  other  parts  of  the  hospital. 

AU  exterior,  porch,  and  uitermediate  waUs  6  inches  and  over  have 
been  constructed  of  reinforced  concrete,  and  interior  waUs  having 
tliickness  less  than  6  inches  built  up  of  cement  blocks  and  covered  with 
a  smooth,  hard  cement  finish.  The  roof  framing  has  been  constructed 
of  yeUow  pine,  with  vitreous  roof  tUe  covering,  Spanish  pattern, 

^iU  floors  have  been  laid  with  vitreous  red  or  white  tile,  depending 
upon  the  purpose  of  the  room,  and  aU  waUs  and  ceilings  painted  with 
an  enamel  washable  paint. 
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PACIFIC    TERMINAL    BLILDING. 


The  new  Pacific  terminal  office  building  constructed  during  the  psist 
fiscal  year  occupies  a  prominent  site  in  Balboa  in  close  proximity  to  the 
piers  and  docks  of  the  Pacific  terminal  of  the  canal.  The  building  is  a 
three-story  reinforced  concrete  structure,  with  red  vitreous  tile  roof,  sup- 
ported by  wooden  trusses  of  yellow  pine.  Porches  have  been  planned 
on  three  sides  of  the  building,  and  the  entire  building  covers  an  area 
of  147  feet  8  inches  by  42  feet  8  inches.  On  account  of  the  very  poor 
bearing  value  of  the  soil  in  this  particular  site,  pipe  piles  fiUed  with 
concrete  were  driven  to  support  the  superstructure.  For  the  most 
part  the  first  floor  has  been  assigned  to  the  general  offices  of  the  re- 
ceiving and  forwarding  agent  of  the  Panama  Railroad  Co.  and  the 
entire  third  floor  to  the  port  captain's  division.  Besides  the  regular 
offices  required  by  the  port  captain,  a  lounging  room  and  pilots' 
dormitories  have  been  provided.  In  order  to  partially  meet  the 
demand  for  offices  by  various  steamship  companies  using  the  canal, 
the  entire  second  floor  has  been  divided  into  offices  which  may  be 
rented  individually  or  in  suites. 

Red  vitreous  tile  has  been  laid  in  all  corridors  and  white  tile  in  the 
toilets,  and  walls  and  ceilings  treated  in  the  customary  manner  with 
enamel  washable  paint. 

BACHELOR   QUARTERS. 

This  building  is  located  in  Ancon  on  the  Zone  road  which  divides 
Panama  City  from  the  Ancon  district.  The  building,  121  feet  7 
inches  long  by  48  feet  6  inches  wide,  three  stories  high,  of  reinforced 
concrete  construction  with  red  tile  roof,  provides  accommodations  for 
45  bachelors  and  affords  each  man  certain  comforts  and  conveniences 
which  have  not  been  enjoyed  heretofore  on  the  Isthmus.  Each  room 
has  been  provided  with  a  built-in  dry  closet,  lavatory,  medicine 
closet,  and  telephone  connection. 

The  central  corridor  through  the  building  affords  access  to  the 
various  rooms  and  eliminates  the  general  usage  of  the  porches  as  a 
passageway. 

Bubbling  ice-water  drinking  fountains  have  been  installed  in  the 
corridors  of  each  floor,  fed  from  a  central  plant.  Convenient  and 
ample  toilet  accommodations  have  been  provided. 

NEW    ANCON    HOSPITAL. 

Dispensary  and  admitting  office.- — Plans  are  being  prepared  for  the 
n(^w  Ancon  Hospital  dispensary  and  admitting  office.  Tne  new  build- 
ing will  occupy  the  present  site  of  the  board  of  health  building  in 
Ancon.  The  building  wiU  cover  an  area  approximately  50  by  90 
feet,  two  stories  in  height,  of  reinforced  concrete  construction.  All 
nonsupporting  interior  walls  having  a  thickness  less  than  6  inches  will 
be  built  of  cement  blocks  and  covered  with  a  smooth,  hard  cement 
finish.  The  roof  will  be  constructed  of  wood  and  covered  with  red  tile, 
Spanish  pattern. 

The  first  floor  wiU  be  occupied  by  the  admitting  office  and  dispen- 
sary, and  win  provide  consultation,  examination,  dressing,  and  wait- 
ing rooms  for  both  gold  and  silver  employees.  A  large  dru.^  room, 
storeroom,  and  laboratory  have  also  been  arranged  for  on  this  floor. 
A  roadway  running  around  the  building  provides  access  to  the  dressing 
rooms  for  ambulance  cases. 
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There  will  be  no  interior  communication  between  the  first  and  sec- 
ond floors.  Separate  entrances  and  staircases  lead  to  the  second 
floor,  where  two  dental  suites  and  living  quarters  for  two  doctors, 
three  nurses,  and  orderlies  have  been  provitlcd. 

The  dental  suite  will  comprise  a  waiting  room,  operating  room, 
laboratory,  and  rest  room,  and  in  one  of  the  dental  suites  an  extra 
operating  room  has  been  arranged  for.  Each  room  of  the  doctors' 
and  nurses'  quarters  will  have  a  lavatory,  dry  closet,  telephone  con- 
nection, and  ample  porch  space,  which  will  make  very  desirable  quar- 
ters for  these  men. 

Lahoratory  huiMing. — Construction  work  on  the  new  laboratory 
buildmg  in  Ancon  will  be  started  July  1,  1916.  The  building,  a  two- 
story  remforced  concrete  structure,  with  red  tile  roof,  has  been  de- 
signed in  the  shape  of  the  letter  U,  about  a  courtyard.  The  build- 
ing has  a  frontage  of  104  feet  8  mches  and  a  depth  of  85  feet  3  inches, 
and  will  be  provided  with  a  covered  passageway  to  the  present  crema- 
tory building. 

Under  a  portion  of  the  first  floor  a  basement  story  has  been  ar- 
ranged to  provide  space  for  various  animal  rooms  and  storage.  Upon 
the  first  floor  provision  has  been  made  for  the  chemist,  embalmer, 
library,  museum,  oflice,  stores,  and  plague  laboratory. 

Upon  the  second  floor  space  has  been  made  for  the  chief's  oflBce,  and 
laboratory,  photographer,  bacteriologist,  entomologist,  and  patholo- 
gist. In  order  to  keep  each  unit  isolated  from  its  adjoining  section, 
only  indirect  communication  has  been  provided,  by  means  of  a  two- 
storied  porch  about  the  courtyard. 

In  all  rooms  tile  floors  will  be  provided,  and,  as  noted  for  the  other 
buildmgs,  the  walls  and  ceilmgs  will  be  pamted  with  a  washable  paint. 

Ward  group  No.  5. — On  June  1,  1916,  construction  work  was  started 
on  the  second  ward  group  of  the  new  Ancon  Hospital.  This  build- 
ing, which  will  be  two  stories  in  height,  will  have  a  general  exterior 
appearance  similar  to  the  first  ward  group,  with  porches  entirely  sur- 
rouiiding  the  ward,  m  order  to  conform  to  the  general  hospital  scheme. 
As  in  the  previous  group,  there  will  be  two  large  buildings,  with  a  con- 
necting service  building.  The  ward  buildings,  138  feet  10  inches  by  41 
feet  6  inches  and  122  feet  10  inches  by  41  feet  6  mches,  have  been 
divided  into  various  wards  and  private  rooms  on  both  floors.  Many 
of  the  private  rooms  have  been  provided  with  communicating  bath- 
rooms, and  various  small  wards,  arranged  for  adults,  to  accommodate 
from  tlii-ee  to  seven  persons.  Tlie  obstetrical  suite  has  been  planned 
on  the  second  floor  of  one  of  these  wards,  and  nm'sery  and  children's 
ward  provided. 

The  service  builduig,  approximately  54  feet  long,  will  contam  the 
various  accessory  rooms,  such  as  kitchens,  dinmg  room,  nurses'  rooms, 
private  rooms,  etc.  An  electric  elevator  will  be  installed  in  this 
section. 

As  in  the  previous  ward  group,  all  exterior  walls  and  interior  bear- 
mg  walls  will  be  of  remforced  concrete,  and  all  other  interior  parti- 
tions of  cement  block  plastered  with  a  cement  finish.  All  floors  will 
be  laid  with  red  or  white  vitreous  tile,  and  the  walls  and  ceilmgs 
painted  with  an  enamel  washable  paint. 

Electric  dumb-waiter  service  will  be  provided  between  the  kitchen 
iind  basement,  and  laundry  chutes  will  connect  all  orderlies'  rooms 
with  the  basement. 
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FORCE. 

On  July  1,  1915,  the  force  averaged  2,100  men — 166  men  on  the 
gold  roll  and  1,934  men  on  the  silver  roll.  This  was  mcreased  to  a 
maximum  in  August  of  2,387 — 181  on  gold  roll  and  2,206  on  silver 
roll.  At  the  end  of  the  fiscal  year,  Jime  30,  the  force  totaled  1,812 — 
169  on  the  gold  roll  and  1,643  on  the  silver  roll. 
Respectfully  submitted. 

Geo.  M.  Wells, 
Resident  Engineer. 
Maj  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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APPENDIX  E. 

REPORT    OF    THE  RESIDENT  ENGINEER,   DREDGING  DIVISION, 
DEPARTMENT  OF  OPERATION  AND  MAINTENANCE. 


Paraiso,  Canal  Zone. 
Sir  :  I  have  the  honor  to  submit  the  f ollowmg  report  of  operations 
in  the  dredging  division  during  the  fiscal  year  ended  June  30,  1916: 

Division  Organization. 

The  division  is  divided  into  two  districts,  the  first  district  embrac- 
ing all  dredging  operations  in  the  Pacific  entrance,  Miraflores  Lake, 
and  GaiUard  Cut;  the  second  district,  all  dredging  operations  in  the 
Atlantic  entrance  and  Gatun  Lake  to  Gamboa  Bridge. 

Dredging. 

The  following  dredges  were  at  work  during  the  year: 

The  seagoing  suction  dredge  C'ulehra  was  engaged  in  deepening 
the  channel  between  stations  1470  and  1890,  GaiUard  Cut;  deepen- 
ing the  slip  along  Pier  No.  18,  Balboa;  excavating  along  the  toe  of 
the  dry-dock  cofferdam  at  Balboa,  and  was  used  as  a  scow  for  dredges 
iYo.  83  and  No.  86  during  an  emergency  at  Culebra  sHde  in  Mav  and 
June,  1916. 

The  seagoing  suction  dredge  Caribbean  was  not  operated  as  a  dredge 
during  the  year,  but  was  laid  up  at  Paraiso  from  July  1,  1915,  to 
October  16,  1915;  used  as  a  compressor  plant  for  drilling  operations 
at  Culebra  slide  from  October  17,  1915,  to  May  16,  1916;  converted 
into  a  cattle  boat  and  turned  over  to  the  Panama  Railroad  com- 
missary department  on  May  23,  1916. 

The  20-inch  pipe-line  dredge  No.  ^  was  engaged  during  the  year 
pumping  the  core  fiU  into  the  east  breakwater  at  Coco  Solo;  exca- 
vating in  the  vicinity  of  the  new  Cristobal  coaling  station;  deepening 
the  berths  at  Piers  No.  7  and  No.  8,  Cristobal,  and  at  the  old  coal 
dock  near  Mount  Hope  Dry  Dock. 

The  20-inch  pipe-line  dredge  No.  82  was  engaged  during  the 
entire  year  reclaiming  sand  and  gravel  from  the  old  bed  of  the 
Chagres  River,  through  Gatun  Lake,  above  Gamboa. 

The  20-inch  pipe-line  dredge  No.  83  was  engaged  during  the  year 
excavating  the  coal  storage  basin  at  the  Cristobal  coaling  station, 
maintaining  the  required  depth  in  Cristobal  Harbor,  deepening  the 
channel  at  Culebra  slide  and  in  Miraflores  Lake. 

The  20-inch  pipe-line  dredge  No.  8^  (Sandpiper)  was  engaged 
during  the  year  excavating  the  berths  and  channels  at  the  Cristobal 
coaling  station,  placing  the  core  fill  in  the  east  breakwater  at  Coco 
Solo,  deepening  Cristobal  Harbor,  excavating  trenches  for  the  oil, 
water,  and  cable  crossings,  Cristobal  Harbor,  and  deepening  the 
channel  at  Culebra  slide. 
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The  20-mch  suction  dredge  No.  85  was  engaged  during  the  year 
excavating  Balboa  Harbor,  deepening  the  berths  along  Piers  No.  14 
and  No.  18,  Balboa,  filling  around  the  fortifications  at  Toro  Point, 
sluicing  at  Culebra  slide,  deepening  the  channel  in  the  Atlantic  and 
Pacific  entrances,  sluicing  mud  from  under  the  coal  reloader  wharf 
at  Balboa,  pumping  water  to  fill  the  dry  dock  entrance  basin  at 
Balboa,  and  was  laid  up  at  Gamboa  from  May  24,  1916,  to  the  end 
of  the  year. 

The  20-inch  pipe-line  dredge  No.  86  was  engaged  during  the  jqht 
excavating  in  Balboa  Harbor,  deepening  the  berths  around  Pier  No. 
18  at  Balboa,  excavating  at  Cucaracha  and  Culebra  slides  in  Gaillard 
Cut,  and  filling  the  swamp  areas  in  and  around  Paraiso. 

The  15-yard  dipper  dredge  Cascadas,  built  by  the  Bucyrus  Co.,  of 
South  Milwaukee,  in  1915,  is  an  improved  model  of  the  sister  dredges 
Gamboa  and  Paraiso.  AU  the  working  parts  are  interchangeable 
with  these  dredges.  The  hull  is  of  steel  and  has  a  length  of  144 
feet,  56  feet  beam,  16  feet  6  inches  deep,  with  a  minimum  draft  of 
8  feet.  The  forward  spuds  are  operated  by  an  improved  overhead 
handlmg  device  and  the  engine  room  is  fitted  with  a  15-ton  overhead 
travehng  crane. 

The  dredge  arrived  at  Cristobal  on  October  21,  1915,  was  towed 
to  Gamboa,  and  assembled  October  22-30,  went  into  commission  on 
October  31,  1915,  and  was  operated  for  the  remainder  of  the  year  in 
maintaining,  widening,  and  deepening  the  channel  at  Culebra  slide, 
in  Gaillard  Cut. 

The  15-yard  dipper  dredge  Gamhoa  was  operated  the  entire  year 
in  Gaillard  Cut  maintaining,  widening,  and  deepening  the  channel 
at  Culebra  slide. 

The  15-yard  dipper  dredge  Paraiso  was  operated  the  entire  year 
in  Gaillard  Cut  maintaining,  widening,  and  deepening  the  channel 
at  Culebra  slide. 

The  5-yard  dipper  dredge  Cardenas  was  engaged  in  maintaining 
and  deepening  the  channel  at  Culebra  slide  from  July  1  to  Septem^ 
ber  30,  1915;  retired  from  service  on  October  1,  1915;  placed  in 
commission  at  Culebra  slide  from  January  4  to  24,  1916,  and  retired 
for  the  remainder  of  the  year. 

The  5-yard  dipper  dredge  Chagres  was  operated  at  Cucaracha  and 
Culebra  slides,  in  Gaillard  Cut,  from  July  1  to  October  31,  1915,  and 
retired  from  active  dredging  service  from  November  1,  1915,  to 
June  30,  1916. 

The  5-yard  dipper  dredge  Mindi  was  operated  at  Cucaracha  and 
Culebra  slides,  in  Gaillard  Cut,  from  July  1  to  Novem})er  3,  1915,  and 
retired  from  active  dredging  service  from  November  1,  1915,  to 
June  30,  1916. 

The  seagoing  adder  dredge  Corozal  was  engaged  during  the  entire 
year  in  mainta  ling,  widening,  and  deepening  the  channel  at  Cuca- 
racha and  CuleLra  slides,  in  Gaillard  Cut. 

The  French  ladder  dredge  No.  1  was  engaged  during  the  year 
excavating  gravel  from  the  Chagres  River  gravel  beds  from  July  1, 
1915,  to  June  25,  1916,  and  in  maintaining  and  deepening  the  channel 
at  Culebra  slide  from  June  26  to  30,  1916. 

The  French  ladder  dredge  No.  5  was  engaged  during  the  year 
excavating  rock  and  stiff  clay  in  the  Pacific  entrance,  deepening  the 
channel  thi'ough  Gaillard  Cut  and  at  Culebra  slide,  excavating  from 
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aJongside  Pier  No.  IS,  JJiilboa  Harbor,  and  excavating  the  cofferdam 
across  the  entrance  to  the  Balboa  Dry  Dock. 

The  French  hi(kler  dredge  Marmot  was  engaged  during  the  year 
excavating  the  channel  and  berths  at  the  Cristobal  coaling  station, 
deepening  the  Cristobal  approach  channel,  excavating  along  the 
harbor  side  of  the  east  breakwater  in  Linion  Bay,  deepening  the 
channel  at  Culebra  and  Cucaracha  slides,  and  clearing  the  mouth  of 
a  culvert  under  the  Panama  Railroad  near  Caimito. 

The  French  self-propelling  ladder  dredge  Gopher  was  operated  in 
the  Pacific  entrance  from  July  1  to  August  15,  1915,  on  which  date 
it  was  permanently  retired  from  service. 

The  drill  barge  Teredo  No.  2  was  operated  in  Pacific  entrance 
between  stations  2098  and  2125  east,  at  Cucaracha  and  Culebra 
slides  in  Gaillard  Cut,  and  in  the  inner  harbor  at  Balboa. 

The  rock  breaker  Vulcan  was  operated  on  the  rock  shoals  between 
stations  2110  and  2167,  Pacific  entrance,  in  Balboa  Harbor,  and 
along  the  Panama  Railroad  steel  wharf  at  Balboa. 

The  hydraulic  grader  No.  1  was  engaged  during  the  year  in  sluicing 
at  Culebra  slide,  cutting  drainage  ditches  at  east  and  west  Culebra 
and  Cucaracha  slides,  excavating  for  the  Rio  Grande  spillway,  sluic- 
ing mud  from  beneath  Pier  No.  18,  Balboa,  and  furnishing  steam 
and  water  to  the  drills  at  Culebra  slide:  sluicing  down  and  grading 
the  slide  at  station  1559-1567  west. 

The  hydraulic  grader  No.  2,  built  at  Paraiso,  went  into  commission 
in  December,  1915,  and  was  engaged  in  sluicing  and  grading  opera- 
tions at  Culebra  slide  for  the  remainder  of  the  year. 

The  hydrauhc  grader  No.  3,  built  at  Paraiso,  went  into  commission 
in  December,  1915,  at  Culebra  slide,  and  was  engaged  in  sluicing 
operations  during  the  remainder  of  the  year. 

The  floating  compressor  plant,  built  at  Paraiso  in  1916,  was  placed 
in  commission  at  Culebra  slide  on  May  17,  1916,  and  was  operated 
to  supply  air  to  the  drills  at  work  upon  the  slides  for  the  remainder 
of  the  year. 

The  following  table  shows  the  output  of  all  dredges  operated 
during  the  year,  with  total  and  unit  costs  of  same : 

Table  No.  1. — Output  of  all  dredges  tvith  total  and  unit  costs. 


No.  4 
No.  82... 
No.  83... 
No.  84... 
No.  85... 
No.  86... 
Cascadas. 
Gamboa. 
Paraiso.. 
Cardenas 
Chagres.. 
Mindl . . . 
Corozal.. 
No.  1 ... . 
No.  5.... 
Gopher.. 
Marmot. 


Dredge. 


Output  in  cubic  yards. 


Earth. 


Culebra 1,062,209 

''      '                   , !  204,520 

I  117,023 

221,188 

I  180,784 

;  827,342 

I  763,374 


463, 377 

132, 566 

2,531 

9,983 


Total 3, 984, 897 

Total,  1915 8,057,550 

63503°—!.. 21     ' 


Rock. 


7,316 
265,005 


161,726 
173,711 
4,187 
24,374 
400,492 
097, 226 
004, 104 
171,203 
234, 131 
228, 442 

459. 312 
7,205 

137,964 
13,921 

328. 313 


11,718,(32 
0,271,573 


Total. 


069,525 
469, 52p 
117,023 
382, 914 
354, 495 
831,529 
787, 7« 
400,492 
097, 226 
004, 104 
171,203 
234, 131 
228, 442 
459, 312 
470, 582 
270, 530 
16, 452 
338,296 


15,703,529 
14,329,123 


Cost. 


$263,367.57 

186, 264. 04 

•72,224.84 

148, 762. 86 

142, 399. 30 

162, 588.  79 

260,318.24 

570,113.33 

762, 904. 83 

750, 103. 25 

59, 763. 10 

76, 459. 46 

90, 329.  81 

494, 134. 53 

92, 587. 23 

104,407.69 

8, 598.  42 

118,116.09 


4,363,443.38 
4,067,823.06 


Unit 
cost. 


.24625 
. 39671 
.61718 
. 38850 
. 40170 
.  199.53 
. 33045 
. 23750 
.24632 
. 24969 
. 34908 
. 32657 
.  39.542 
. 33801 
. 19675 
.  38.590 
. 40107 
. 34915 


, 27786 
, 28388 
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Wliile  the  above  table  shows  the  actual  cost  of  the  yardage  re- 
moved from  the  canal  prism,  the  cost  of  the  total  yardage  handled 
by  dredges  would  be  considerably  less,  as  there  were  1,124,282  cubic 
yards  rehandled  for  which  no  credit  was  taken  upon  second  handling. 
The  following  table  shows  the  total  and  unit  costs  of  all  yardage 
actually  handled  by  dredges  during  the  year: 

Table  No.  2. — All  yardage  actually  handled,  ivith  total  and  unit  costs. 


Dredge. 

Primary. 

Rehandled. 

Total. 

Cost. 

Unit 

Cosl. 

1,069,525 
382, 914 
787, 748 
171,203 
270, 530 
338,296 

1275,477 

18, 380 

754,849 

995 

70,311 

4,270 

1,345,002 
401,294 

1,542,-597 
172, 198 
340, 841 
342, 566 

§203,367.57 
148, 762. 86 
21)0,318.24 
59,763.10 
104, 407.  69 
118,116.09 

$0. 19581 

No.  83       .                                   

. 37071 

No.  86 

.16875 

. 34706 

No.  5 

.30632 

Marmot 

. 34480 

Total     

3,020,216 
12,683,313 

1,124,282 

4,144,498 
12, 683, 313 

954, 735. 55 
3,408,707.83 

Total           

15, 703, 529 

1,124,282 

16,827,811 

4,363,443.38 

.25930 

1  The  quantity  shown  as  rehandled  by  the  dredge  Culebri  includes  35,777  cubic  yards  of  material  which 
was  pumped  into  her  hoppers  by  various  pipe-line  dredges. 

The  following  tables  show  the  monthly  output  of  all  dredges,  ex- 
clusive of  the  sand  and  gravel  plants: 

Table  No.  3. —  Yardage  removed,  first  district,  Pedro  Miguel  Locks  to  sea. 


Month  and  year. 


July 

August 

September. 

October 

November. 
December. 


1916. 


January.. 
February. 

March 

April 

May 

June 


Total. 


Canal  prism. 


Earth. 


13, 198 

15, 780 

1,944 


40, 456 
32, 344 


8, 655 
17, 2.56 
8,552 

138, 185 


Rock. 


Total. 


16,329 
10, 778 
8,303 


3,750 


39, 160 


29,527 
26,558 
10, 247 


40, 456 
32,344 


8,655 
21,006 
8,552 

177,345 


Auxiliary. 


Earth.        Rock 


64, 059 
96, 094 
153,331 
74,  703 
2,132 
67, 439 


124,310 
37, 446 

122, 587 
45,  273 

103, 094 
15,818 

906,286 


300 


1,513 
3,000 


4,900 
1,391 


5,000 
17,450 


33, 554 


Total. 


64,059 
96,094 
153,  631 
74,703 
3,645 
70, 439 


129, 210 
38,837 

122, 587 
45,  273 

108, 094 
33,  268 

939, 840 


Grand 
total. 


93,586 
122, 652 
163, 878 

74,703 
3,645 

70, 439 


169, 666 
71, 181 

122,587 
53, 928 

129,100 
41,820 

l,117,r'^ 
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Table  No.  4. —  Yardage  removed,  first  district  (Gaillard  Cut),  Pedro  Migwl  Locks  to 

Gamboa  Dike. 


Month  and  year. 

Canal  prism. 

Auxiliary. 

Grand 

Earth. 

Rock. 

Total. 

Earth. 

Rock. 

^I'otal. 

total. 

1915. 
July                           

193, 938 
307,315 
254,287 
207, 778 
211,317 
148, 262 

88, 273 

498,171 
684, 564 
798,  299 
871,915 
1,017,413 
1,007,831 

984, 765 
1,039,950 
1, 084,  738 

&50, 143 
1, 035, 040 

999, 680 

692, 109 
991,879 
1,052,586 
1, 079, 693 
1, 228, 730 
1, 156, 093 

1,073,038 
1,039,950 
1, 142, 834 
1,034,708 
1, 133,  903 
1,069,536 

69^  109 

991  S79 

1  052  586 

1,079,693 
1  2'2X  730 

1, 156, 093 

1916. 
January 

1  073  038 

February 

1  039  950 

58,096 
184,56.5 
98,863 
69,856 

1  14'  834 

April 

1  034  708 

May 

1  133  903 

.TnnA 

1  01)9  536 

Total 

1,822,550 

10,872,509 

12, 695, 059 

12, 695, 059 

Table  No.  5. —  Yardage  removed,  second  district. 


Month  and  year. 

Canal  prism. 

Auxiliary. 

Grand 

Earth. 

Rock. 

Total. 

Earth. 

Rock. 

Total. 

total. 

1915. 
July 

45, 461 

45, 461 

60,579 
96, 489 

9,635 
40, 892 

6,104 
59,923 

25,197 
36,580 
56,  226 
19,361 
33, 956 
47, 073 

103, 669 
99, 168 
77,519 
54,640 
31,612 
62, 065 

43,950 
82, 130 
57, 624 
64,810 
56,659 
39,563 

164,248 
195, 657 
87, 154 
95,532 
37, 716 
121,988 

69, 147 
118,  710 
113,850 
84, 171 
90, 615 
86,636 

209  709 

195  657 

September 

87  154 

95  532 

November 

37  716 

19i'  988 

1916. 
Jaminry    , 

69  147 

February 

118  710 

Marr^h . 

113' 850 

April 

84'  171 

May 

90  615 

Jnnft 

86^636 

Total 

45, 461 

45, 461 

492,015 

773, 409 

1,265,424 

1  310  885 

On  July  1,  1916,  there  remained  to  be  removed  from  the  canal 
prism,  includmg  siltage,  sUdes,  and  original  material,  6,144,827  cubic 
yards  of  earth  and  11,082,537  cubic  yards  of  rock.  These  quantities 
include  350,000  cubic  yards  of  earth  at  the  Pacific  and  400,000  cubic 
yards  of  earth  at  the  Atlantic  entrances,  estimated  to  cover  siltage  of 
the  channel  from  July  1,  1916,  to  June  30,  1917. 
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Table  No.  6. —  Yardage  remaining  to  he  removed  from  the  canal  prism. 


Location. 


First  district. 


Pacific  entrance,  construction 

Pacific  entrance,  maintenance  of  channel . 

Miraflores  Lake,  construction 

Miraflores  Lake,  maintenance  of  channeL . 

Gaillard  Cut,  construction 

Gaillard  Cut,  maintenance  of  channel 


Second  district. 


Gat\m  Lake,  construction 

Gatun  Lake,  maintenance  of  chaimel 

Atlantic  entrance,  construction 

Atlantic  entrance,  maintenance  of  channel. 


Earth. 


535, 160 
2, 170, 729 
24fi, 998 
225, 000 
400,000 
500,000 


51,000 

250,000 

365,940 

1,400,000 


Total '    6,144,827 


Rock. 


348, 137 


716, 200 
10, 017, 000 


i'olal. 


883,  297 

2, 170, 729 

246, 998 

225, 0(X) 

1,116,200 

10,517,000 


51,000 

250,000 

367, 140 

1,400,000 


11,082,537  '     17,227,364 


The  following  table  shows  the  number  of  days  the  dredges  were 
retired  for  repairs  and  renewals: 

Table  No.  7.— Number  of  days  dredges  were  retired  for  repairs  and  renewals. 


Dredges. 


Caribbean . 

Culebra 

No.  4 


No.  82.... 
No.  83.... 
No.  84.... 
No.  85.... 
No.  86.... 
Cascadas. 
Gamboa.. 
Paraiso... 
Cardenas. 
Chagres... 

Mindi 

Corozal ... 

No.l 

No.5 

Gopher... 
Marmot.. 


Type. 


Days  out 
ofservice. 


Seagoing  suction  dredge  , 
do 

Pipe-line  suction  dredge. 


.do. 
.do. 
.do. 
.do. 
.do. 


15-yard  dipper  dredge. 

do 

do 

5-vard  dipper  dredge.. 
'    do. 
do. 


Seagoing  ladder  dredge 

French  ladder  dredge 

do 

French  ladder  dredge  (marine). 
French  ladder  dredge 


365 
11 
39 


45 
37 
62 
10 
2 

18 

16 
297 
262 
263 

74 
2 

52 
324 

54 


Remarks. 


Retired  from  dredging  services. 

All  repairs  made  in  the  field  while  wait- 
ing for  barges. 


Retired  from  service  part  of  year. 


Do. 
Do. 
Do. 


Retired  from  service  and  dismantled. 


SUBAQUEOUS    ROCK    EXCAVATION. 

FIRST   DISTRICT,    GAMBOA   DIKE   TO   PANAMA   BAY. 

During  the  year  10,945,223  cubic  yards  of  hard  and  soft  rock  wer^ 
removed  from  the  canal  prism  and  Balboa  Harbor,  as  follows :  Thirty" 
nine  thousand  one  hundred  and  sixty  cubic  yards  from  the  Pacific 
entrance,  10,760,056  cul)ic  yards  from  Culebra  slide,  66,635  cubic 
yards  from  Cucaracha  shde,  45,818  cubic  yards  from  Gaillard  Cut, 
maintenance,  and  33,554  cubic  yards  from  Balboa  Harbor.  Of  this 
amount  68,069  cubic  yards  were  drilled  and  blasted  by  the  Teredo 
No.  2,  39,044  cubic  yards  were  broken  by  the  rock  breaker  Vulcan, 
391,035  cubic  yards  of  rock  and  bowlders  too  large  for  the  dredges 
to  handle,  by  hand  and  tripod  drills  at  Cucaracha  and  Culebra  slides 
in  Gaillard  Cut,  and  1 6,800  cubic  vards  by  well  drills  under  the  coffer- 
dam at  the  entrance  to  the  Balboa  t)ry  Dock.  The  remainder 
includes  rock  which  had  been  drilled  and  blasted  in  previous  years 
bv  well  drills  and  material  which  could  be  handled  by  the  dredges 
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without  mining.     On  this  work  and  for  dobying  401,:i7()  pounds  of 
dynamite  wore  used, 

'  The  f ollowhig  table  shows  the  location,  quantity',  method  of  break- 
ing, and  area  covered  of  rock  shoals  worked,  exclusive  of  the  hand 
and  tripod  drill  work,  at  Cucaracha  and  Culebra  slides  and  monthly 
statement  of  rock  removed  by  dredges : 

Table  No.  8. — Rock  removed  by  dredges. 


Month  and 

year. 


Station  and  method  of  breaking. 


Teredo. 


1915. 

July I  Cucai'acha    and    Culebra 

I      slides. 

August do 

September do 


October 2116,  2119  E. 

November i  2116,  2118  E. 


December 2115,  2117  E,  and  Culebra 

slide. 
1916. 

January '  Culebra  slide 

February do 

March 2098,  2100  E,  and  Culebra 

:      slide. 

April '  Culebra  slide , 

May I  2099,  2103  E,  and  Balboa 

j      Harbor. 
June 2102,  2103  E 


Total. 


Vulcan. 


2150  E  and  Balboa  Harbor 


.do. 


2152,  2160,  and  Balboa 

n  arbor. 

2133  E,  2150  E 

2121,  2132  E,  and  2180, 

2184  E. 
2110,  2120  E,  2130,  2150  E, 

2180,  2184  E. 

2110,2121  E,  2200,  2210  E., 
2263  E  and  P.  R.  R.  Dock, 
2265  E  and  P.  R.  R.  Dock, 


2263  E 

2261,   2267   E,    P.   R.    R. 

Dock. 
2260,  2270  E 


Area 
covered. 


51,908 
50,592 

91,116 
69, 479 

64, 186 


61, 866 
48, 123 
33,709 

26, 968 
36,900 

28,549 


620, 637 


Cubic 

yards 
mined. 


12,038 

8,108 
2,369 

7,110 
7,507 

8,702 


12,040 
10, 695 
13, 146 

8,235 
12,010 

5,153 


107, 113 


Amount 
dredged. 


514,500 

695,342 
806,902 

871,915 
1,018,926 

1,010,831 


989, 665 
1,041,341 
1, 084, 738 

850, 143 
1,043,790 

1,017,130 


10,945,223 


SECOND   DISTRICT. 


No  rock  was  mined  or  removed  from  the  canal  prism.  Dredges 
removed  501,280  cubic  yards  of  coral  and  soft  rock  from  the  coahng 
station  areas,  353,673  cubic  yards  of  which  had  been  drilled  and 
blasted  in  previous  years  by  well  drills  and  the  driU  boat  Terrier,  and 
223,152  cubic  yards  of  coral  rock  at  Coco  Solo.  Three  thousand  nine 
hundred  and  eighty  povmds  of  dynamite  were  used  in  dobying  rock 
and  bowlders  too  large  for  the  dredges  to  handle. 


DREDGING    OPERATIONS. 

FIRST   DISTRICT. 

Dredges  were  at  work  throughout  the  year  deepening  and  main- 
taining the  canal  channel  at  the  Pacific  entrance,  Miraflores  Lake, 
and  GaiUard  Cut,  excavating  a  total  of  12,872,404  cubic  yards,  as 
shown  in  the  following  table : 

Table  No.  9. —  Yardage  excavated  from  Pacific  entrance,    Miraflores  Lake,   and 

GaiUard  Cut. 


Excavation,  in  cubic  yards. 

Section. 

Construction 
yardage. 

Maintenance 
yardage. 

Total. 

Pacific  entrance  channel .  .  .. 

48, 124 

110,619 

158, 743 

Miraflores  Lake 

18, 602 
264, 850 

18, 602 

GaiUard  Cut 

12, 430,  209 

12,695,059 

Total,  canal  prism,  first  district 

331,570 

12,540,828 

12, 872, 404 
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Of  the  material  removed  from  Gaillard  Cut,  88  per  cent  was  from 
Culebra  slide,  2  per  cent  from  Cucaracha  slide,  and  10  per  cent  from 
all  other  slides  and  canal  areas. 

The  following  table  shows  the  distribution  of  all  material  removed 
from  Gaillard  Cut  during  the  year: 

Table  No.  10. — Distribution  of  material  removed  from  Gaillard  Cut. 


Location. 

P  iscal  year. 

Total  to  date. 

Earth. 

Rock. 

Total. 

Earth. 

Rock. 

Total. 

Gamboa  Dike 

23,856 

53,105 

4,045 

24, 733 

115,516 

1,061,337 

14,319,953 

3, 292, 163 

25, 730 

56, 809 

76, 961 
4  045 

Whitehouse  slide  E 

4,045 

4,045 

La  Pita  slide 

24, 733 

Empire  slide 

3,221 

28, 449 

1,016,098 

1,324,213 

118,737 
1  089,786 

Culebra  slide  (old)  i 

Culebra  slide  (new)  2 

450,085 
198, 215 

10,760,b56 
66,635 

11,210,141 
264,850 

15,336,051 
4  616  376 

Cucaracha  slide 

65-foot  berm 

25  730 

Miscellaneous  3 

1,174,250 

41,773 

1,216,023 

1,449,377 

1  506  186 

TotaJ 

1,822,550 

10,872,509 

12,695,059 

3, 845, 214 

18,953,391 

22,798,605 

1  Prior  to  Oct.  14, 1914. 


2  Since  Oct.  14,  1914. 


3  Small  slides  and  fills  in  the  canal. 


Cucaracha  slide  has  been  quiescent  throughout  the  year,  except  for 
some  shght  movement  (surface)  of  the  softer  materials  during  and 
immediately  following  heavy  rainfalls,  and  has  a  slope  of  one  vertical 
to  four  horizontal. 

No  more  serious  trouble  is  anticipated,  although  it  will  probably  be 
necessary  to  remove  a  considerable  quantity  of  the  softer  surface 
materials  by  sluicing  and  pipe-line  dredge  before  the  final  clean-up 
can  be  made. 

Culebra  shde,  east  and  west,  has  been  very  active  throughout  the 
year.  With  the  exception  of  August  7  to  10  and  September  4  to  9, 
a  channel  for  commercial  shipping  was  maintained  with  great 
difficulty  from  July  1  to  September  18,  1915,  on  which  date  a  general 
heavy  movement  of  both  banks  closed  the  channel  to  all  but  light- 
draft  boats.  On  September  19  a  small  island  appeared  in  the 
channel,  caused  by  an  upheaval  of  the  bottom,  which  stopped  all 
traffic  except  small  boats.  The  banks  continued  to  move  until  the 
island  was  connected  with  the  east  bank,  formmg  a  point  of  land 
extending  over  two-thirds  of  the  distance  across  the  channel,  and  on 
October  2  the  east  and  west  banks  met  at  the  water  line,  elevation 
+  85,  completely  closing  the  canal  and  re-forming  an  isthmus.  The 
movement  reached  its  maximum  on  November  10,  at  which  time  the 
isthmus  was  255  feet  wide  and  65  feet  above  mean  water  level  in  the 
canal.  On  December  16,  1915,  a  channel  had  been  reopened  for 
small  tugs  and  launches,  which  was  gradually  widened  and  deepened 
until  sufficient  channel  was  obtained  to  resume  commercial  traflic 
on  April  15,  1916,  216  days  after  the  closing  of  the  canal  on  September 
12,  1915.  During  the  year  the  area  of  the  slides  has  increased  by  11 
acres,  due  to  new  breaks  developing  back  of  the  original  slide  limits. 
On  July  1,  1916,  16,425,837  cubic  yards  of  material  had  been  removed 
from  the  Culebra  slides  by  dredges,  and  it  was  estimated  that  9,617,000 
cubic  yards  more  were  in  motion  toward  the  canal,  which  will  event- 
ually nave  to  be  removed.     The  canal  prism  for  2,400  feet  through 


REPORT    OF    RESIDENT    ENGINEER,    DREDGING    DIVISION.         303 

the  slide  has  been  widened  from  300  to  500  feet.  The  slope  of  the 
material  in  motion  varies  from  one  vertical  to  four  horizontal  to  one 
vortical  to  six  horizontal. 

The  old  slide  at  Buena  Vista,  station  1559  to  1567  west,  showed 
signs  of  new  hfe  in  December,  1915,  and  January  1,  1916,  a  break  had 
developed,  starting  at  station  1559,  running  over  the  top  of  a  small 
hill  300  feet  west  of  the  prism  line  at  station  1563  and  joming  the 
canal  again  at  1567.  The  material  involved  was  stiff  clay  and  soft 
rock.  On  January  3,  1916  the  hydrauhc  grader  began  operations, 
starting  at  a  point  about  50  feet  back  of  the  break  and  cutting  a 
uniform  slope  from  the  point  of  beginning  to  the  base  of  the  slide 
near  the  water's  edge.  This  method  seems  to  have  been  effective,  as 
the  movement  stopped  soon  after  operations  were  started  and  the 
shde  has  been  quiescent  for  the  remainder  of  the  year. 

The  passage  of  commercial  shipping  through  the  canal  was  sus- 
pended on  account  of  sHdes  August  7  to  10,  1915,  September  4  to  9, 
1915,  September  18,  1915,  to  April  15,  1916. 

Daily  surveys  were  made  in  the  vicinity  of  the  active  sUdes  and  the 
channel  dragged  and  marked  with  buoys  for  the  passages  of  ships. 
At  times  the  channel  shoaled  so  rapidly  it  was  necessary  to  drag 
immediately  before  the  passage  of  each  ship. 


The  spoil  from  Gaillard  Cut  was  disposed  of  on  dumps  located  in 
Gatun  Lake,  from  Gamboa,  mile  30,  to  San  Pablo,  mile  24|;  in  the 
Rio  Grande  Valley-  south  of  Cucaracha,  Miraflores  Lake,  at  Paraiso, 
and  along  the  east  bank  of  the  canal  between  Cucaracha  shde  and 
Paraiso.  Eleven  miUion  one  hundred  and  twenty-six  thousand  six 
hundred  and  twenty-five  cubic  yards  were  dumped  in  Gatun  Lake; 
966,149  cubic  yards  in  the  Rio  Grande  Valley;  72,214  cubic  yards  in 
Miraflores  Lake ;  501,615  cubic  yards  in  swamps  around  Paraiso;  and 
1,116,461  cubic  yards  in  the  canal  between  Cucaracha  and  Paraiso. 
The  material  dumped  in  the  canal  was  from  the  ladder  and  dipper 
di-edges  working  on  the  south  side  of  the  shde  during  the  time  the 
canal  was  blocked  by  Culebra  shde,  and  has  been  practically  all 
rehandled  and  removed  from  the  prism. 

SECOND   DISTRICT. 

Dredges  removed  45,461  cubic  yards  of  earth  from  the  canal  prism 
at  the  Atlantic  entrance;  20,746  cubic  yards  were  construction  and 
24,715  cubic  yards  maintenance  excavation. 

No  dredging  was  done  in  the  Gatun  Lake  section,  Gatun  Locks  to 
Gamboa  Bridge. 

Material  excavated  in  the  second  district  was  dumped  on  Mindi 
Island. 

MISCELLANEOUS    DREDGING. 

PACIFIC   TERMINALS. 

From  the  Balboa  Imier  Harbor  906,286  cubic  yards  of  earth  and 
33,554  cubic  yards  of  rock  were  removed  by  pipe-hne  and  ladder 
di-edges;  33,673  cubic  yards  of  earth  and  2,800  cubic  yards  of  rock 
from  the  shp  south  of  Pier  No.  18;  188,804  cubic  yards  of  earth  and 
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7,804  cubic  yards  of  rock  from  the  slip  north  of  Pier  No.  18;  22,119 
cubic  yards  of  earth  from  alon^  Pier  No.  14;  541,304  cubic  yards  of 
earth  and  3,000  cubic  yards  of  rock  from  the  harbor  basin  proper; 
81,005  cubic  yards  of  earth  and  19,950  cubic  yards  of  rock  from  the 
cofferdam  across  the  dry-dock  entrance;  and  39,381  cubic  yards  of 
earth  from  along  the  coal  reloader  wharf.  Soft  material  beneath 
Pier  No.  18  and  the  coal  reloader  wharf  was  sluiced  out  by  dredge 
No.  85  and  the  hydi-auhc  grader  No.  1.  Material  removed  by  pipe- 
line dredges  was  used  in  reclaiming  the  swamp  lands  north  of  Balboa 
and  in  the  San  Miguel  section  of  Panama  City;  that  removed  by  ladder 
dredges  was  towed  to  sea  and  dumped,  except  4,080  cubic  yards 
dumped  around  the  new  oil  crib  and  1,400  cubic  yards  placed  in 
storage  for  a  future  use  in  filling  beneath  the  oil  crib. 

ATLANTIC   TERMINALS. 

From  the  Atlantic  terminals  318,355  cubic  yards  of  earth  and 
550,257  cubic  yards  of  rock  were  removed  by  pipe-line  and  ladder 
dredges;  23,117  cubic  yards  of  earth  and  45,069  cubic  yards  of  rock 
from  the  approach  channel,  opposite  Piers  No.  10  and  No.  11;  1,380 
cubic  yards  of  earth  and  2,708  cubic  yards  of  rock  from  the  old  coal 
sUp;  26,597  cubic  yards  of  earth  for  the  oil  and  water  crossing  and 
22,100  cubic  yards  of  earth  from  the  cable  crossing  in  Cristobal  Har- 
bor; 24,832  cubic  yards  ol  earth  and  1,200  cubic  yards  of  rock  from 
the  slip  between  Piers  No.  7  and  No.  8;  112,847  cubic  yards  of  earth 
and  147,607  cubic  yards  of  rock  from  the  east  channel,  41,909  cubic 
yards  of  earth  and  259,410  cubic  yards  of  rock  from  the  west  chan- 
nel; 34,232  cubic  yards  of  earth  and  92,917  cubic  yards  of  rock  from 
the  turning  basin;  and  31,341  cubic  yards  of  earth  and  1,346  cubic 
yards  of  rock  from  the  submerged  storage  basin,  at  the  Cristobal  coal- 
ing station. 

Material  removed  by  pipe-lme  dredges  was  used — 47,181  cubic 
yards  in  fill  under  docks  at  the  coaling  station;  431,065  cubic  yards 
in  the  coal  storage  area;  12,493  cubic  yards  in  fill  around  the  sub- 
station fill;  24,665  cubic  yards  in  the  Camp  Bierd  fill;  19,851  cubic 
yards  in  sanitary  fill  west  of  the  coaling  station;  112,711  cubic  yards 
reclaiming  swamp  land  east  of  Dock  No.  13;  4,088  cubic  yards  of 
earth  in  the  swamp  south  of  the  dry  dock.  The  material  removed 
by  ladder  dredges  was  used;  190,526  cubic  yards  on  the  east  break- 
water and  26,032  cubic  yards  on  the  Cristobal  mole. 

FORTIFICATION    RESERVE. 

On  the  fortification  reserve  at  Toro  Point,  43,468  cubic  yards  of 
sand  was  placed  in  fills  by  pipe-line  dredge. 

EAST    BREAKWATER. 

Pipe-line  dredges  removed  353,344  cubic  yards  of  coral  sand  and 
rock  at  Coco  Solo  for  filling  the  core  and  toes  of  the  breakwater; 
148,440  cubic  yards  were  pumped  into  the  core  and  204,904  cubic 
yards  on  the  toes  of  the  breakwater.  In  addition,  190,526  cubic 
yards  of  material  from  the  approach  channel  and  coaling  station 
were  dumped  from  scows,  along  the  toes„ 


REPORT    OF    RESIDENT    ENGINEER,    DREDGING    DIVISION.         305 

The  discharge  pipe  Une  was  run  down  the  center  of  the  breakwater 
trestle,  suspended  beneath  the  cap  timbers  with  U-shaped  hangers, 
and  discharged  overboard.  The  toe  fills  were  made  by  suspending 
from  20  to  45  feet  of  discharge  pipe  as  required,  from  a  boom  mounted 
on  a  flat  car  and  connecting  up  with  the  main  discharge  Une  from  the 
dredge.  As  the  filUng  progressed,  the  car  was  moved  forward  and 
a  new  length  added  to  the  discharge  Une.  The  greatest  length  of 
discharge  line  was  12,509  feet,  with  two  relays;  one  4,200  feet  and 
the  other  8,400  feet  from  the  dredge. 

SAND   AND    GRAVEL  PRODUCTION. 

The  sand  and  gravel  necessary  for  construction  purposes  was 
excavated  by  pipe-Une  and  ladder  dredges  from  the  gravel  beds  in 
the  overflow  section  of  the  Chagres  River,  above  Gamboa. 

There  were  excavated  by  ladder  dredge  No.  1  and  deUvered  to  the 
Gamboa  handUng  plant,  463,377  cubic  yards  ol  run-of-bank  gravel. 
Suction  dredge  No.  82  excavated  only  material  to  be  screened,  and 
deUvered  48,895  cubic  yards  of  sand,  17,277  cubic  yards  of  No.  1 
gravel,  to  the  Gamboa  handUng  plant,  also  50,851  cubic  yards  of 
No.  2  gravel. 

The  sand  was  passed  through  a  three-eighth  inch  screen;  No.  1 
gravel  over  a  2-inch  screen  and  No.  2  gravel  through  a  2-inch  screen. 

Diversions  and  Drainage. 

The  diversion  ditches  diverting  the  water  of  the  Obispo  diversion 
into  the  canal  were  cleared  of  grass  and  small  sUdes  removed. 

Ditches  were  excavated  at  Culebra  sUde  east,  Culebra  sUde  west, 
and  at  Cucaracha  by  the  hydrauUc  graders,  to  provide  a  quick  run-off 
for  the  storm  and  surface  waters,  and  prevent  ponds  from  forming 
m  the  low  areas  and  depressions.  Over  7,500  linear  feet  of  ditch 
were  excavated  and  maintained. 

A  concrete  spillway  was  constructed  to  carry  the  water  of  the  Rio 
Grande  into  the  canal. 

The  gang  engaged  in  digging  drainage  ditches  through  the  hydrauUc 
tills  on  the  reclaimed  swamp  lands  at  San  Miguel  and  north  of  Bal- 
boa, completed  the  work  in  July,  1915. 

Slide  Inspection  and  Reports. 

Inspection  of  aU  active  sUdes  were  made  from  time  to  time;  new 
breaks  located  and  reported.  A  number  of  points  were  estabUshed 
on  the  east  and  west  Culebra  sUdes,  their  horizontal  and  vertical 
movements  checked  from  day  to  day,  and  reported  to  the  office  of 
the  engineer  of  maintenance. 

At  the  request  of  the  chairman  of  the  sUde  commission,  December, 
1915,  to  January,  1916,  perforated  pipes  were  driven  on  300-foot 
centers  over  the  sUding  areas,  and  weekly  readings  taken  to  deter- 
mine the  elevation  of  the  ground  water. 

Characteristic  samples  of  the  material  in  Cucaracha  and  the  Culebra 
shdes  were  taken,  packed,  and  shipped  to  Washington  for  analysis 

Areas  draining  into  the  west  Culebra  sUde  were  tiled  and  the  storm 
and  surface  water  diverted  away  from  the  sUde.     ru 
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MiNDi  Dikes  and  Groins. 

The  three  rock  dikes,  A,  B,  and  C,  built  on  the  south  shore  of 
Limon  Bay  in  1915,  located  600,  1,100,  and  1,600  feet  west  of  the 
canal  prism,  were  repaired  when  damaged  by  the  heavy  seas  during 
the  dry  season.  The  dikes  were  built  to  prevent  the  further  erosion 
of  the  beach  at  this  point  and  have  proved  entirely  successful.  This 
beach  receded,  during  the  period  1905-1911,  525  feet,  or  about  88 
feet  annually.  Most  of  this  erosion  occurred  between  June,  1907, 
when  dredging  operations  were  started,  and  June,  1911,  which  would 
be  at  the  rate  of  130  feet  a  year  for  the  period.  July,  1911,  to  June, 
1912,  the  beach  receded  75  feet;  1912-13,  110  feet;  1913-14,  48  feet; 
1914-15,  40  feet;  1915-16,  since  the  dikes  were  completed,  there  has 
been  no  change.  In  addition  the  minus  contours  have  moved  out 
from  25  to  100  feet,  showing  the  beach  to  be  assuming  a  more  regular 
slope.  There  has  been  but  a  few  thousand  yards  of  silt  deposited  in 
the  canal  opposite  this  point,  during  the  year,  where  in  past  years 
the  silting  of  the  channel  has  run  into  the  hundred  thousands. 

The  wooden  groins  built  in  1915  at  intervals  of  400  feet  from  Dike 
C  to  Kinneys  Bluff,  have  been  repaired  and  maintained  throughout 
the  year  and  new  sections  added  from  time  to  time  as  needed.  From 
July  to  January  the  beach  continued  to  show  a  slight  scour ;  February 
to  March  showed  no  change;  April  to  June  showed  a  decided  filUng 
along  practically  the  entire  beach.  On  June  30,  1916,  the  zero  con- 
tour, mean  sea  level,  showed  a  gain  over  1915,  for  the  greater  part 
of  the  beach.  The  beach  between  groins  No.  2  and  No.  3,  No.  3  and 
No.  4,  showed  a  decided  tendency  to  scour.  Two  new  groins  No. 
2^  and  No.  3^  were  buUt,  one  between  groins  No.  2  and  No.  3,  and 
the  other  between  groins  No.  3  and  No.  4,  which  stopped  the  scour- 
ing and  the  beach  is  now  building  up  again. 

It  is  recommended  that  the  groins  be  maintained  until  the  end  of 
the  next  dry  season,  by  which  time  the  east  breakwater  will  have 
been  completed  and  the  groins  can  be  abandoned  or  replaced  with 
permanent  ones,  as  the  then  existing  conditions  warrant. 

Water  Hyacinths, 

The  destruction  of  water  hyacinths  in  the  canal,  Gatun  Lake  and 
its  tributaries,  was  continued  throughout  the  year.  The  outfit  used 
and  methods  employed,  were  the  same  as  in  previous  years,  except 
that  in  the  case  of  young  plants  it  was  found  to  be  more  effective  to 
abandon  spraying  and  pull  the  plants.  Young  plants  are  more  or 
less  scattered  and  the  arsenic  solution  used  is  washed  off  by  the 
waves  and  rains. 

Two  hundred  and  seventy-one  thousand  nine  hundred  and  fifty 
square  yards  were  killed  by  arsenic  spraying  and  478,200  yoimg 
plants  pulled  up  and  deposited  on  shore.  The  only  old  plants  found 
during  the  year  were  in  the  Mandingo  River  and  a  small  bed  in  the 
upper  Chagres,  7  miles  above  Gamboa.  All  of  the  spraying  done 
was  in  the  overflow  section  of  the  Obispo  River,  where  the  water 
lettuce  had  grown  so  as  to  hide  the  young  hyacinths,  and  the  whole 
mass  had  to  oc  sprayed  and  killed. 

An  inspection  of  the  waters  ol  Gatun  Lake,  including  the  upper 
Chagres  Valley  as  lar  as  the  mouth  ol  the  Pequeni  Kiver,  the  Trini- 


REPORT    OF    RESIDENT    ENGINEER,    DREDGING    DIVISION.         307 

dad,  Siri,  Gatun,  Chilibre,  Cano,  Gatuneillo,  Gigante,  Mandingo, 
and  Obispo  Rivers  was  made.  No  hyacinths  were  found  in  the  lake 
north  of  Bohio,  although  the  upper  Trinidad  and  Gatun  River  Val- 
leys are  so  badly  choked  with  drift  and  floating  islands  that  a  com- 
plete inspection  was  impossible. 

Surveys. 

The  usual  surveys  were  made  of  the  dredged  areas  in  the  canal 
prism,  Cristobal  Harbor,  Toro  Point,  Coco  Solo,  Limon  Bay,  and 
Balboa  Inner  Harbor;  cross  sections  plotted,  reports  and  estimates 
prepared.  The  general  progress  surveys  were  made  every  four 
months. 

Daily  progress  surveys  were  made  at  Culebra  shde,  stations  1770 
to  1798,  the  channel  dragged  and  buoyed  before  the  passing  of  ships. 

Topographic  surveys  were  made  of  the  Cucaracha  and  Culebra 
slides  and  maps  prepared.  Special  surveys  were  made  to  determine 
the  movements  of  the  active  shdes. 

At  the  request  of  the  chairman  of  the  shde  commission,  points 
were  established  on  Gold,  Zion,  Contractors,  and  Purple  Hills,  also 
at  the  base  of  Gold  and  Contractors  Hills,  their  positions  and  ele- 
vations accurately  determined,  which  are  checked  from  time  to  time 
to  determine  any  movement  or  indication  of  sliding. 

Office. 

Routine  clerical  work,  preparation  of  progress  records,  estimates, 
requisitions,  etc.,  was  satisfactorily  performed  during  the  year. 
Respectfully  submitted. 

W.  G.  Comber, 
Resident  Engineer. 
Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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APPENDIX  F. 
REPORT  OF  THE  SUPERINTENDENT,  MECHANICAL  DIVISION. 


Balboa,  Canal  Zone,  July  29,  1916. 
Sir:    In  compliance  with  instructions  contained  in  your  circular 
letter  of  June  13,  I  have  the  honor  to  submit  the  following  report 
relative  to  the  operations  of  the  mechanical  division  for  the  fiscal  year 
ended  June  30,  1916. 

ORGANIZATION. 

The  general  organization  of  the  division  was  the  same  as  for  the 
previous  fiscal  year.  The  superintendent,  assistant  supermtendent, 
mechanical  engineer,  chief  clerk,  traveUng  engineer,  chief  draftsman, 
and  certain  subordinates  in  clerical  and  drafting  positions  were 
considered  as  on  general  duty  in  the  division  with  headquarters 
in  building  No.  28,  Balboa  shops.  Other  employees  were  attached 
to  individual  plants,  but  were  subject  to  transfer  from  one  plant  to 
another  by  the  superintendent  as  best  fitted  the  exigencies  of  the 
service.  The  organization  of  the  division  as  a  whole  was  prepared, 
without  regard  to  employees  of  individual  plants,  although  for  use 
within  the  division  each  plant  is  provided  with  its  own  organization. 
This  arrangement  gives  the  greatest  flexibility  possible  and  permits 
the  minimum  number  of  excess  positions  in  the  division  organization 
to  allow  for  temporary  fluctuations  of  force  at  the  individual  plants. 

In  addition  to  tlieir  general  duties,  the  assistant  supermtendent  has 
had  special  charge  of  the  Balboa  shops,  and  the  mechanical  engmeer 
of  the  plant  and  construction  work  and  special  investigations  for 
plants.  In  general  the  local  organization  of  the  various  plants  has 
remained  unchanged.  The  macliine  department  at  Balboa  has 
continued  under  the  charge  of  Mr.  S.  G.  Shearer,  general  foreman, 
assisted  by  Assistant  General  Foreman  C.  S.  Perry.  It  is  proposed 
to  employ  an  assistant  general  foreman  in  charge  of  the  combined 
shipfitter  and  boiler  shop,  and  steps  are  now  being  taken  to  obtain 
an  employee  of  suitable  experience  and  capacity.  The  car  shop  and 
wood-working  shops  have  remained  under  the  immediate  supervision 
of  General  Foreman  A.  O,  Herman.  The  dry  dock  shops  at  Cristobal 
have  remained  under  the  supervision  of  General  Foreman  C.  J. 
Reilly,  and  Mi-.  James  Macfarlane,  superintendent  of  dredging, 
assistant  to  the  resident  engineer  of  the  dredging  division,  has  con- 
tinued to  exercise  supervision  over  the  Paraiso  shops,  answermg  in 
this  capacity  to  the  superintendent  of  the  mechanical  division.  With 
the  opening  of  the  dry  docks  at  Balboa,  a  dockmaster  and  a  foreman 
rigger,  competent  and  experienced  in  the  handhng  of  ship's  lines  and 
heavy  weights  on  ships  have  been  employed,  as  noted  elsewhere. 
The  Balboa  roundhouse  has  continued  under  the  supervision  of 
Mr.  R.  A.  Compton,  and  the  Cristobal  roundhouse  under  Mr.  J.  M. 
Abston. 
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GENERAL. 

At  the  end  of  the  fiscal  year,  the  plants  of  the  division  included  the 
Balboa  shops,  with  car  shop  and  roundhouse,  Paraiso  shops.  Dry  dock 
shops,  Cristobal;  Cristobal  roundhouse;  car-inspection  forces  at 
Balboa  and  Mount  Hope,  and  repair  track  forces  within  the  railroad 
yards  at  Balboa  and  Mount  Hope. 

The  general  character  of  the  operations  tended  more  and  more 
toward  marine  work.  However,  the  closing  down  of  the  canal  for 
several  months  and  the  lack  of  adequate  storage  capacity  at  the 
canal  terminals  resulted  in  work  on  railroad  equipment  being  much 
in  excess  of  that  anticipated.  Work  on  steam  shovels  and  other  land 
excavating  equipment  was  so  reduced  by  the  cessation  of  quarrying 
operations  at  Sosa  Hill  as  to  permit  the  discontinuance  of  the  seperate 
gan^  for  maintaining  this  equipment. 

The  amount  of  work  on  dredging  equipment  and  vessels  using  the 
canal  was  sufficient  to  permit  organizing  the  forces  at  Paraiso  and 
the  dry-dock  shops,  Cristobal,  on  a  purely  marine  basis.  The  marine 
work  at  Balboa  increased  materially  and  a  larger  percentage  of  the 
employees  were  required  to  have  marine  experience.  Attainment 
of  the  ultimate  operating  condition  has,  however,  been  delayed  by 
conditions  in  the  Cut. 

When  my  estimates  were  made  for  the  fiscal  year  1916,  none  were 
included  for  the  force  employed  at  the  Paraiso  shops,  as  it  was 
expected  that  they  would  be  closed  not  later  than  January  1,  1915. 
As  it  turned  out,  these  shops  actually  performed  more  work  during 
the  fiscal  year  referred  to  than  during  any  other  since  they  were 
established.  The  prospects  now  are  tnau  the  volume  of  this  work 
will  decrease,  but  it  seems  unhkely  that  the  shops  may  be  closed 
for  at  least  another  year. 

The  completion  of  Dock  No.  18,  atBalboa,  and  Pier  No.  7,  at  Cristobal, 
will  increase  the  terminal  storage  capacities  and  will  jjermit  reduction 
in  railroad  equipment,  unless  transportation  of  largo  quantities  of 
freight  across  the  Isthmus  by  rail  should  be  made  necessary  through 
the  closing  of  the  canal.  However,  the  conditions  of  use  of  raih'oad 
equipment  are  so  uncertain  that  it  will  probably  not  bo  wise  to  retire 
any  great  percentage  of  tliis  equipment  for  some  time  to  come. 

The  office  building,  building  No.  28,  at  the  Balboa  shops,  is  the 
headquarters  of  the  general  supervisory  force  of  the  division,  and  all 
experimental  work  and  special  drafting  is  done  there.  For  this  force 
the  portion  of  the  building  assigned  to  this  division  proved  msufficient 
and  it  was  necessary  to  crowd  some  of  the  forces  undesirably.  No 
space  could  be  found  for  the  apprentice  school,  except  in  the  pubhc 
school  buildings  and  this  interfered  considerably  with  the  school 
division's  work.  With  the  removal  of  the  forces  of  the  captain  of 
the  port  and  customs  office  from  the  second  floor  to  the  new  terminal 
office  building  at  Dock  No.  17,  room  for  the  apprentice  school  will  be 
found;  also  room  for  expansion  of  the  office  forces  of  the  me<'hnnical 
division  and  the  general  storekeeper,  the  latter  of  which  have  occupied 
a  restricted  space  on  tha  second  floor.  The  intimate  relations  oi  the 
mechanical  division  and  the  general  store  make  it  desirable  to  have 
the  office  forces  of  the  two  establishments  housed  in  the  same  building 
and  this  arrangement  wiU  be  continued. 
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The  apprenticeship  system,  proposed  in  my  letter  of  June  8,  1914, 
and  authorized,  with  slight  modifications,  by  the  Governor  on  March 
11,  1915,  has  now  been  in  effect  for  16  months.  Thirty-two  appren- 
tices have  been  taken  on,  and  in  collaboration  with  the  superin- 
tendent of  schools  the  system  of  instruction  has  been  worked  out  and 
has  been  in  use  for  one  full  year.  Instruction  in  all  subjects  except 
drafting  and  the  calculations  connected  therewith  has  been  given 
by  the  supervisor  of  industrial  training,  detailed  by  the  superintendent 
of  schools.  Drafting  and  the  calculations  incident  thereto  have  been 
taught  by  draftsmen  detailed  from  this  division.  The  course  con- 
templates two  2-hour  periods  per  w^eek  for  each  apprentice  in  gen- 
eral studies  and  a  similar  number  of  similar  periods  in  drafting. 
The  mental  advancement  of  the  boys  at  time  of  employment  has 
varied  widely.  Many  of  the  candidates  for  employment,  either  from 
carelessness  or  interruption  in  their  school  work,  have  come  to  an  age 
such  that  they  feel  embarrassed  when  attending  school  in  the  grade 
in  which  their  advancement  in  their  studies  properly  places  them. 
Some  of  the  applicants  have  not  advanced  sufficiently  in  school  work 
to  satisfactorily  learn  a  trade  under  modern  conditions.  Others 
have  quit  school  on  account  of  unsatisfactory  conduct.  The  number 
of  ap2:)lications  has  been  so  much  in  excess  of  the  number  of  appren- 
tices that  could  be  efficiently  cared  for  that  the  definite  policy  has 
been  adopted  of  not  accepting  any  boy  for  appointment  unless  he 
has  reached  at  least  the  sixth  grade  in  school  and  unless  he  presents 
evidence  that  his  conduct  at  school  has  been  satisfactory.  This  has 
had,  I  think,  a  salutary  effect  upon  the  conduct  and  application  of 
many  boys  at  school  and  has  proven  a  desirable  rule  from  the  stand- 
point of  both  this  division  and  the  division  of  schools.  A  suitable 
form  for  certificate  of  completion  of  apprenticesliip  has  been  ap- 
proved by  the  Governor  and  certificates  have  been  issued  to  three 
ex-apprentices  durmg  the  year. 

DRY    DOCKS    AND    SHOPS. 

Delays  in  receipt  of  material  prevented  the  anticipated  progress  to- 
ward completion  of  Dry  Dock  No.  1,  at  Balboa,  thus  delaying  the 
actual  completion  of  work  on  the  Balboa  plant.  All  authorized 
work,  not  held  up  by  the  dock,  had  been  practically  completed  by  the 
end  of  the  fiscal  year  except  a  small  amount  of  filling  and  grading, 
erection  of  two  bents  of  Pier  No.  12,  repairs  to  roofs  and  buildmgs 
made  necessary  by  blastmg  at  Sosa  Hill,  and  a  small  amount  of 
other  miscellaneous  work. 

At  the  end  of  the  fiscal  year  the  capstans  and  traveling  crane  for 
Dry  Dock  No.  1  had  not  been  dehvered  and  the  official  test  of  the 
dock  pumps  had  not  been  begun.  It  was  possible,  however,  on  June 
28,  to  dock  the  seagoing  lacfder  dredge  Corozal,  and  to  remove  the 
water  from  the  dock  with  the  main  pumps.  They  gave  very  satis- 
factory service,  and  there  was  no  reason  to  anticipate  delay  in  the 
completion  of  the  tests.  Unrestricted  use  of  the  dock  will  be  pre- 
vented until  probably  the  middle  of  September,  due  to  the  necessity 
for  fitting  a  finishing  sei-vice  of 'concrete  over  the  whole  area  of  the 
floor.  It  is  proposed,  however,  to  occupy  the  dock  with  dredging 
equipment  too  large  to  be  handled  in  the  dry  dock  at  Cristobal,  and 
to  proceed  with  the  finishing  work  on  the  floor  and  blocks  as  circum- 
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stances  permit.  In  the  meantime  the  cofferdam  is  being  rapidly  re- 
moved, and  by  August  15  it  is  expected  that  vessels  of  70-foot  beam 
and  24-foot  draft  may  be  taken  through  the  opening  at  high  tide. 
The  capstans  will  require  comparatively  httle  work  for  theu'  instal- 
lation, and  after  they  are  installed  the  only  equipment  remaining 
will  be  the  50-ton  traveling  crane,  delivery  of  which  is  not  due  untfl 
November  11,  1916.  Its  design  is  similar  to  that  of  cranes  used  for 
like  purposes  at  navy  yards. 

A  considerable  amount  of  work  has  been  done  by  this  division  in 
assembling  the  dock  equipment  and  portable  appliances.  The  dock, 
when  completed,  will  be  without  a  superior  anywhere.  The  pumps 
will  be  able  to  remove  the  water  in  less  than  two  hours  at  any  stage 
of  the  tide,  and  by  actual  test  the  dock  was  completely  flooded  in  16 
mmutes  at  high  tide. 

The  organization  for  the  operation  of  the  dock  was  inaugurated  by 
the  employment  of  Mr.  Alexander  Grieg,  on  Jmie  15, 1916,  as  foreman 
shipwTight  and  dockmaster.  ISIr.  Grieg  was  for  two  years  in  charge 
of  the  naval  floating  dry  dock  Dewey  at  Olongapo,  P.  I.,  and  has 
been  connected  with  the  operation  of  dry  docks  for  many  years. 
His  services  promise  to  be  most  satisfactory  and  have  already  proven 
of  value  in  checking  up  final  details  and  looking  after  items  of  equip- 
ment and  fittings. 

Anticipating  the  necessity  for  establishing  rates  for  the  com- 
mercial use  of  Panama  Canal  dry  docks,  data  as  to  rates  have  been 
obtamed  from  various  docks  in  North  and  South  America.  So  far 
this  has  not  been  worked  up  sufficiently  to  permit  recommending 
rates,  but  it  will  be  done  shortl}^,  as  there  have  already  been  a  num- 
ber of  applications  for  docking.  Most  of  these  have  been  for  vessels 
which  might  be  accommodated  in  the  dock  at  Cristobal.  In  all 
probability  the  Balboa  dock  will  not  be  regularly  available  for  com- 
mercial use  for  some  time,  because  it  will  have  to  be  used  for  making 
extensive  repairs  and  alterations  to  dreddng  equipment  too  large  to 
enter  the  Cristobal  dock.  It  is  hardly  to  be  expected,  therefore,  that 
the  docking  situation  will  reach  a  normal  condition  mitil  some  time 
next  year. 

For  repairs  to  dredging  equipment  and  for  most  of  the  commercial 
docking  Dry  Dock  No.  2  (completion  of  which  has  been  abandoned 
for  the  present)  would  be  more  efficient  than  Dry  Dock  No.  1,  on 
account  of  the  large  size  and  great  depth  of  the  latter,  winch  in- 
creases the  cost  of  pumping  and  of  handling  material  and  men.  The 
location  of  the  coaling  plant  alongside  the  entrance  slip  to  the  dock 
wiU  interfere  to  some  extent  with  access  to  the  dock.  The  amount 
of  this  interference  wiU  probably  not  be  great  because  only  the  vessels 
being  unloaded  wiU  ordinarily  lie  in  the  dock  shp  and  the  process  of 
unloading  will  be  rapid.  Had  the  entrance  to  Dry  Dock  No.  2  been 
completed  and  the  caisson  constructed  before  the  cofferdam  was  re- 
moved the  dock  could  be  used  to  a  limited  extent,  if  necessary.  Also 
it  could  then  be  completed  without  rebuilding  the  cofferdam,  thus 
effecting  a  saving  in  ultimate  cost.  It  might  also  have  been  used  for 
the  construction  of  barges,  etc.,  some  work  of  which  character  seems 
likely  to  be  necessary  in  order  to  maintain  a  uniform  force  of  well- 
trained  mechanics  sufficient  to  cover  contingencies  reasonably  to  be 
expected  to  occur.     At  the  present  rates  oi  wages  in  the  States  I 
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believe  new  construction  work  could  be  carried  on  at  a  cost  which 
would  be  witliin  permissablc  limits. 

One  difliculty  with  the  Balboa  shops  in  this  connection  is  the  fact 
that  no  suitable  location  exists  for  building  slips,  and  when  the  quay 
walls  are  completed  as  originally  contemplated  there  will  be  no  readily 
accessible  place  from  which  a  vessel  could  be  launched.  At  present, 
for  small  craft,  building  slips  can  be  installed  on  that  portion  of  the 
cofferdam  wliich  will  remain  intact  abreast  Dry  Dock  No.  2,  but  the 
location  is  less  desirable  than  could  be  wished. 

Experience  at  the  Balboa  shops  early  demonstrated  the  fact  that 
under  ordinary  conditions  docks  Nos.  15  and  16,  originally  intended 
to  be  assigned  for  use  as  repair  wharves,  were  not  needed  for  the 
purpose,  and  they  have  accordingly  been  diverted  to  commercial  use 
by  the  Panama  Railroad.  Their  location  abreast  the  offices  and  shops 
interferes  considerably  with  mechanical-division  operations,  but  with 
the  completion  of  Pier  No.  18,  it  will  be  possible  to  decrease  this 
interference,  and  if  a  condition  of  war  should  result  that  a  fleet  were 
based  on  Balboa,  tliis  waterfront  space  closely  adjacent  to  the  shops 
would  be  invaluable  for  repair  purposes,  as  by  its  use  alone  could 
repairs  to  the  fleet  be  carried  out  promptly  and  efficiently. 

Another  respect  in  which  the  shops  have  proven  inadequate  is  in 
the  space  and  equipment  for  marine  work.  Building  No.  4,  now  used 
as  a  combined  boiler  and  shipfitting  shop,  is  barely  sufficient  to  house 
the  needed  macliine  tools,  and  it  will  be  necessary  to  provide  addi- 
tional space  for  assembling  work.  I  think  this  may  best  be  done  by 
vacating  building  No.  3,  now  used  as  a  steel  warehouse,  and  by  roof- 
ing over  the  space  north  of  the  tunnel  track  between  this  building  and 
building  No.  4,  and  using  tliis  space  and  the  north  haK  of  building 
No.  3  for  assembling  work  and  for  handling  material.  This  will  be 
considered  in  connection  with  the  submission  of  estimates  for  the 
next  year. 

The  accommodations  for  the  pipefittmg  and  sheet-metal  shop  are 
also  inadequate,  and  the  shop  occupied  space  needed  for  the  smithery. 
Probably  the  best  means  of  providing  more  space  will  be  to  fit  up  the 
south  end  of  building  No.  3  for  this  purpose  and  then  extend  the 
smithery  to  occupy  all  of  building  No.  2. 

The  tool-room  space  in  building  No.  1  has  likewise  proved  inade- 
quate and  badly  located.  This  factor  was  appreciated  when  my 
estimates  were  submitted  for  the  current  fiscal  year,  and  an  item  of 
$15,000  was  included  for  providing  additional  space.  Originally  it 
was  intended  to  construct  a  building  between  buildings  Nos.  1  and  2, 
a  portion  to  store  the  less  frequently  used  machine-shop  tools  and 
the  remainder  for  similar  tools  for  the  blacksmith  shop.  It  has  now 
been  found  preferable,  however,  to  expend  this  money  for  the  con- 
struction of  an  addition  to  building  No.  1  and  to  devote  the  entire 
adcUtional  space  to  the  machine-shop  tool  room.  Storage  for  the 
blacksmith  tools  can  be  provided  elsewhere. 

Another  building  which  has  proven  madequate  in  size  is  building 
No.  9,  originally  intended  as  an  mstrument-repair  shop  and  galvan- 
izing shop.  The  demands  for  galvanizmg  were  so  small  that  the 
fittings,  although  manufactured,  were  never  installed.  The  space 
constituting  about  60  per  cent  of  the  total  floor  area  was  devoted  to 
a  shop  for  the  electrical  division.     Both  this  and  the  space  devoted 


316  THE   PANAMA   CANAL. 

to  instrument  repairs  and  plating  have  proved  too  small.  Recom- 
mendation will  therefore  be  made  that  the  building  be  widened  to 
about  twice  its  original  width  by  installing  new  walls  and  extending 
the  roof  at  its  present  pitch,  this  work  to  be  paid  for  from  the  gener^ 
allotment  from  current  appropriation  for  plant  work  of  the  mechani- 
cal division. 

Delay  in  the  completion  of  building  No.  29,  for  housing  the  air- 
compressor  plant  and  dock  pumps  prevented  starting  the  new  electric- 
driven  air-compressor  plant  until  April  of  the  present  year  and  kept 
the  old  Balboa  plant  in  service  under  the  electrical  division.  Air 
from  this  plant  was  costly,  due  not  only  to  the  great  length  of  the 
lines  through  which  it  w^as  distributed,  but  also  to  the  inefficiency  of 
the  compressing  machinery,  which  had  about  reached  the  limit  of  its 
life.  During  the  maximum  operations  on  the  Sosa  Hill  quarry  and 
on  dry-dock  excavation  this  plant  proved  inadequate,  and  a  2,500- 
foot  steam-driven  compressor  was  installed  temporarily  abreast  build- 
ing No.  14,  by  which  means  alone  could  the  pressure  in  the  air  mains 
be  maintained.  Three  electrically-driven  air-compressor  units  were 
purchased  for  installation  in  building  No.  29,  butin  view  of  the  delay  in 
their  installation  and  the  run-do\ATi  condition  of  the  air  compressors 
at  Cristobal  dry-dock  shops,  it  seemed  desirable  to  divert  one  of  them 
to  the  last-named  shops.  As  purchased,  there  were  two  units  of 
2,500  feet  capacity  and  one  of  5,000  feet  capacity.  It  was  one  of  the 
2,500-foot  machines  which  was  installed  at  Cristobal.  It  is  now  found 
that  the  three  machines  intended  for  use  at  Balboa  will  probably  be 
insufficient  to  supply  all  demands  and  requisition  will  shortly  be  sub- 
mitted for  an  additional  5,000-foot  unit  for  installation  there,  thus 
making  the  total  capacity  12,500  cubic  feet  per  minute,  instead  of 
10,000  cubic  feet,  as  originally  contemplated.  These  compressors, 
together  with  the  550-foot  electrically-driven  compressor  installed  at 
the  roundhouse,  will  give  an  adequate  and  very  flexible  air-compressor 
plant. 

The  provision  for  car-shop  work  at  Balboa  proved  inadequate  dur- 
ing the  rush  of  railroad  transportation  incident  to  the  closing  of  the 
canal  in  October,  1915.  As  was  stated  in  my  report  for  last  year, 
this  resulted  in  the  necessity  for  opening  the  old  car  shops  at  Cris- 
tobal for  the  performance  of  box-car  and  Rodger  ballast-car  work. 
These  shops  were  closed  July  29,  1916,  and  the  work  transferred  back 
to  Balboa,  where  conditions  had  improved  so  it  could  be  cared  for. 
The  car  work  has  continued,  however,  to  crowd  the  shop  undesirably. 
By  the  use  of  repair  tracks  at  the  Balboa  and  Mount  Hope  yards, 
and  with  the  completion  of  work  on  the  400  steel  dump  oars  sold  to 
the  Chicago  House  Wrecking  Co.,  in  connection  with  closing  their 
scrap  contract,  conditions  promise  to  be  fairly  satisfactory. 

At  the  beginning  of  the  fiscal  year,  a  number  of  large  shop  tools 
were  under  order  or  on  requisition  for  the  division,  principally  for 
marine  work.  As  funds  were  available  and  needs  developed,  requi- 
sitions were  submitted  for  others.  There  is  still  need  for  some  heavy 
plate-working  tools  which  will  be  provided  from  appropriations  for 
the  current  year  and  for  a  number  of  modern  tools  to  replace  old  tools 
which  have  reached  the  limit  of  their  usefuhiess.  To  install  all  the 
needed  equipment  will  involve  rearrangement  and  reassignment  of 
spaces  in  shop  buildings,  together  with  some  additional  building  work, 
as  outlined  above.     Tools  already  on  order  will  be  sufficient  to  per- 
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mit  most  of  the  work  likely  to  bo  required  on  vessels  to  be  done  with 
fair  dispatch,  but  deliveries  under  the  contracts  are  so  slow  that  it 
will  be  several  months  before  they  are  all  installed. 

At  Paraiso  considerable  increases  in  the  machinery  of  the  plant 
were  made,  an  extension  was  built  for  the  blacksmith  shop,  oil  fuel 
was  provided  for  the  blacksmith  shop,  the  tool  room  was  extended 
into  the  space  previously  used  as  a  shops'  office,  and  the  space  pre- 
viously used  as  an  air-compressor  plant  was  converted  into  an  office 
for  foremen.  An  extension  was  built  for  housing  the  flange  fires  and 
an  additional  steam  hammer  installed  in  the  blacksmith  shop.  With 
the  increase  of  work,  the  three  550-foot  motor-driven  air  compressors 
proved  inadequate  to  supply  compressed  air  and  one  of  the  Babcock 
&  Wilcox  boilers  formerly  in  use  at  the  Gold  Hill  sluicing  plant  was 
erected  and  connected  to  a  2,500-foot  air  compressor  from  the  old 
Empire  air-compressor  plant.  The  pumps  for  water  service  under  the 
municipal  engineering  division  were  supplied  with  steam  from  the 
same  boiler,  thus  permitting  one  force  to  handle  both  the  air  com- 
pressor and  the  pumps.  This  released  two  of  the  three  electrically- 
driven  air  compressors,  one  of  which  was  installed  at  the  roundhouse, 
Cristobal,  and  the  other  at  the  roundhouse,  Balboa,  for  use  in  connec- 
tion w4th  night  work.  The  third  will  ultimately  be  installed  at  the 
dry-dock  shops,  but  it  is  deemed  desirable  to  retain  it  at  Paraiso  for 
the  present,  as  a  reserve.  A  fourth  compressor  of  this  type,  belonging 
to  this  division,  had  been  loaned  to  the  division  of  terminal  construc- 
tion for  use  in  connection  with  the  construction  of  the  Cristobal  coal 
plant.  A  compressor  of  about  this  capacity  was  needed  for  the  per- 
manent repair  plant  at  that  place,  and  the  necessity  for  a  somewhat 
larger  compressor  at  the  Cristobal  shops  having  been  demonstrated, 
arrangements  were  made  to  exchange  this  compressor  for  a  larger 
direct-connected  compressor  to  be  purchased  on  requisition. 

At  the  dry-dock  shops,  Cristobal,  very  little  work  incident  to  im- 
provement of  the  plant  was  done,  with  the  exception  of  installing 
the  new  electrically-driven  air  compressor  and  electric  motors  for  op- 
erating the  dry-dock  pumps.  There  is  considerable  uncertainty  as 
to  what  will  be  the  future  of  these  shops,  and  consideration  of  modi- 
fications has  been  purposely  deferred  until  more  information  is  avail- 
able. I  believe  that  these  shops  will  be  required  as  a  permanent 
institution  and  that  the  uncertainty  is  rather  as  to  size  than  as  to 
continuance.  With  all  transfer  of  freight  consolidated  at  the  north 
end  of  the  canal,  it  seems  likely  that  a  docking  and  repair  business  of 
considerable  magnitude  might  be  worked  up  if  a  dock  were  available 
which  would  receive  ships  of  the  type  and  size  usual  in  merchant 
service.  This  will  come  largely  from  vessels  sent  to  the  canal  en- 
trance to  await  orders,  which  could  use  the  delay  to  advantage  by 
being  docked  and  repaired.  Ships  bound  for  Pacific  and  Australian 
or  Asiatic  ports,  discharging  at  Cristobal,  and  docked  or  repaired  at 
Balboa,  would  either  have  to  transit  the  canal  twice  or  else  would 
have  to  be  docked  with  cargo  aboard  at  increased  expense  and  risk. 
I  believe  that  the  conditions  may  justify  the  construction  of  a  large 
dock  at  Cristobal  not  only  on  account  of  the  amount  of  work  which 
it  could  do  for  commercial  ships  but  also  as  a  means  of  insuring  facili- 
ties for  repairs  to  the  fleet,  since  it  might  easily  arise  that  a  war  vessel 
stationed  at  Colon  would  be  so  badly  damaged  as  to  make  it  unsafe 
to  transit  the  canal,  or  else  be  so  urgently  needed  that  while  repairs 
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might  be  accomplished  if  faciUties  were  available  at  that  end,  the 
time  could  not  be  spared  for  a  trip  to  Balboa.  The  new  dock,  if 
constructed,  should  He  at  an  angle  of  about  60°  to  the  present  dock, 
extending  southeast,  with  the  entrance  practically  in  the  location 
now  occupied  by  the  diy-dock  storehouse.  Tliis  involves  removing 
the  storehouse  to  some  other  location  for  which  the  space  now  occu- 
pied by  the  Brown  coal  hoist  and  the  scrap  yard  back  of  Dock  No.  14 
should  be  available  and  suitable.  The  present  location  of  the  store- 
house is  such  that  it  interferes  with  the  use  of  valuable  water  front  for 
repair  purposes,  and  also  with  the  handhng  of  material  in  the  shops' 
yards  on  account  of  the  arrangement  of  railroad  trades.  In  view  of 
the  above,  I  beheve  that  new  shop  buildings  should  ultimately  be 
constructed  to  house  tliis  plant,  and  the  plant  brought  up  to  date  in 
all  respects.  This  matter,  however,  is  not  urgent,  although  items  for 
commencing  the  work  should  be  contained  in  the  estimates  for  the 
fiscal  year  1918. 

MISCELLANEOUS. 

The  change  of  working  hours  in  the  Balboa  shops  from  7  a.  m.  to 
4  p.  m.  ^vith  one  hour  for  lunch  prevented  the  employees  of  those 
shops  (unless  they  Hved  in  the  immediate  vicinity)  from  going  home 
to  lunch,  and  it  was  found  necessary  to  establish  a  quick-lunch  res- 
taurant within  the  shops  district.  This  was  located  temporarily  in 
the  wooden  building  constructed  originally  for  offices  of  the  division 
of  terminal  construction  and  turned  over  to  tliis  division  in  February, 
1914,  for  use  as  a  temporary  office  pending  completion  of  building 
No.  28.  This  building  is  unsuitable  for  the  purpose  and  constitutes 
a  fire  risk.  Moreover,  the  ground  upon  wliich  it  stands  is  needed  for 
other  purposes.  It  is  understood  that  appropriation  is  available  for 
a  new  restaurant  building,  which  should  be  located  between  buildings 
11  and  14. 

There  was  so  much  discussion  relative  to  the  alleged  excessive  over- 
head charges  at  the  Balboa  shops  that  it  seemed  desirable  to  make  an 
analysis  oi  this  overhead  with  a  view  to  determining  whether  or  not 
it  was  really  excessive.  Indirect  charges  in  private  shops  often 
amount  to  as  much  as  100  per  cent  of  direct  labor,  and  it  was  my 
belief  that  the  overhead  at  Balboa  (which  varied  from  a  maximum 
62.06  per  cent,  plus  machine  rate,  to  a  minimum  of  45.61  per  cent, 
plus  the  machine  rate)  was  reasonable,  consideiing  the  items  wliich 
it  included.  Under  the  conditions,  however,  it  seemed  worth  while 
to  spend  the  time  necessary  to  make  an  analysis  u]wn  wliich  a  com- 

E arisen  of  the  overhead  at  these  shops  might  be  made  with  the  over- 
ead  of  various  navy  yards.  My  familiarity  with  methods  of  work 
and  accounting  at  navy  yards  permitted  this  comparison  to  be  made 
accurately.  I  had  hoped  that  a  similar  comparison  might  be  made 
with  the  overhead  at  various  arsenals,  but  upon  going  into  the  qiies- 
tion,  I  found  an  accurate  comparison  impracticable  because  of  lack 
of  accurate  knowledge  of  the  methods  of  work  and  accounting.  Com- 
parison with  the  navy  yards,  as  actually  mada  and  reported  upon  in 
my  letter  of  September  28,  1915,  was  based  upon  operations  for  the 
month  of  April,  1915,  at  the  Balboa  shops  and  at  the  navy  yards, 
Portsmouth,  N.  II.,  Brooklyn,  N.  Y.,  Norfolk,  Va.,  Charleston,  8.  C., 
and  Mare  Island,  Cal.     These  indicated  that  the  overhead  at  Marc 
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Island  was  about  4  per  cent  loss  than  at  Balboa,  but  tliis  was  explain- 
able by  the  very  low  rate  for  power  at  the  navy  yard.  Making 
allowance  for  this  item  at  rates  obtaining  at  other  navy  yards,  the 
overhead  at  Mare  Island  was  almost  identical  with  that  at  Balboa, 
and  the  variation  at  the  other  yards  was  small  with  the  exception  of 
the  navy  yard  at  Norfolk,  wliicn  runs  considerably  higher. 

All  heavy  repairs  to  locomotives  have  been  made  at  the  Balboa 
shops  and  have  covered  general  overhauling  of  14  engines,  besides 
those  being  repaired  and  packed  for  shipment  to  the  Alaskan  Engi- 
neering Commission.  Four  were  completed  during  the  last  fiscal  year 
for  this  latter  pur])ose  and  4  are  now  under  rei^air  with  the  expec- 
tation that  they  will  be  shipped  about  the  middle  of  August.  At  the 
same  time  50  Lidgerwood  flat  cars,  2  70-ton  steam  shovels,  and 
7  narrow-gauge  locomotives  will  be  shipped  so  as  to  arrive  in 
Alaska  before  the  close  of  the  season  for  navigation,  with  a  view  to 
erection  by  the  Commission's  forces  during  the  winter. 

During  the  year  the  launch  Birdina,  tug  DeLesseps,  launch  No.  26, 
tug  Beliance,  tug  Bolivar  have  been  generally  overhauled. 

The  Reliance,  after  removal  of  the  boiler  and  deck  house  by  the 
floating  derrick  Hercules,  at  Paraiso,  was  sent  to  the  dry-dock  shops, 
Cristobal,  where  practically  aU  of  her  frames  vrere  removed  and  re- 
placed by  new  frames.  The  old  frames  had  deteriorated  to  such  an 
extent  as  to  endanger  her  seaworthiness.  In  addition  to  renewing  the 
frames,  tanks  were  budt  for  liquid  fuel,  the  deck-house  repaired  where 
necessary,  and  a  complete  new  deck  laid.  On  her  return  to  Paraiso 
the  boiler,  steam  piping,  and  lighting  system  were  reinstalled  and  the 
deck  house  closed  in  where  left  open  for  passage  of  the  boiler.  The 
work  in  dock  was  completed  in  29  days  and  the  work  at  Paraiso  in 
18  days,  the  total  time  out  of  commission  being  47  days.  When 
completed,  the  vessel  was  practically  as  good  as  new,  and  as  she  is 
one  of  the  most  efficient  tugs  belonging  to  the  canal,  the  expenditures 
were  amply  justified. 

The  Bolivar  was  sunk  March  24,  due  to  losing  a  tail  shaft.  The 
time  elapsing  after  the  accident  permitted  her  to  be  brought  alongside 
the  floating  derrick  Ajax,  at  Gamboa,  with  the  thought  that  shngs 
might  be  made  fast  to  her  before  she  sank.  This,  however,  was 
impossible,  but  she  w^as  raised  the  next  day  and  was  back  in  service 
on  March  31.     The  work  was  done  at  the  Paraiso  shops. 

The  tugs  Gorgona  and  Tavernilla,  when  delivered,  were  fitted  with 
forced  draft  supplied  by  turbine-driven  blowers.  With  this  arrange- 
ment the  fuel  consumption  was  high  and  the  wear  and  tear  on  the 
boilers  excessive.  Accordingly,  the  forced-draft  blowers  were  re- 
moved and  14  feet  added  to  the  stacks.  This  gave  sufficient  natural 
draft  and  the  fuel  consumption  was  very  much  reduced.  The  work 
was  done  at  Paraiso. 

The  Birdina  and  De  Lesseps  were  rebuilt  along  tug  lines  and  in  their 
new  condition  have  given  excellent  service.  The  work  was  done  at 
Paraiso. 

A  house  boat  for  the  use  of  Army  survey  parties  on  Gatun  Lake 
was  built  at  the  dry-dock  shops,  Cristobal,  about  the  middle  of  the 
year,  and  just  prior  to  the  close  of  the  fiscal  year  orders  were  received 
for  the  construction  of  another  one  of  similar  type.  Repairs  of  con- 
siderable magnitude  were  made  on  various  tugs,  lighters,  and  mine 
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planters,  and  on  the  cable  ship  Cyrus  W.  Field,  belongmg  to  the  Army. 
Gas  engines  were  also  installed  in  a  number  of  small  boats  for  their 

use. 

Railroad  motor  car  No.  9  was  constructed  for  the  use  of  the  Com- 
manding General  of  the  troops  on  the  Zone  and  proved  very  efficient 
in  service  until  crushed  by  the  steamship  Allianga  on  June  28,  1916, 
when  it  was  damaged  to  such  an  extent  as  to  require  complete 
rebuilding. 

On  recommendation  contained  in  my  letter  of  October  7,  1915,  the 
floating  derricks  Ajax  and  Hercules  were  transferred  to  the  dredging 
division,  it  being  my  opinion  that  so  long  as  conditions  in  the  Cut 
remained  as  they  were  it  would  be  more  economical  to  place  these 
derricks  under  the  wrecking  organization  of  the  dredging  division. 
When  the  extensive  dredging  operations  in  the  Cut  have  been  com- 
pleted they  should  again  be  transferred  to  the  mechanical  division, 
but  this  bids  fair  to  be  some  months  hence.  While  the  Cut  was  closed 
the  services  of  these  derricks  were  mvaluable.  By  their  use  tugs  and 
barges  could  be  lifted  from  the  water  sufficiently  to  permit  propellers 
and  other  underwater  parts  to  be  repaired,  thus  saving  not  only  the 
time  of  docking,  but  also  the  time  necessary  for  transfer  to  the  dry 
dock,  and  tugs,  etc.,  even  to  the  north  of  the  slide,  were  so  repaired, 
where  possible,  by  the  Hercules  stationed  at  Gamboa,  on  account  of 
sa\-ing  in  time.  Of  course  there  were  no  docking  facilities  available 
for  the  equipment  south  of  the  slide,  and  what  could  not  be  done  by 
the  use  of  the  Ajax,  stationed  at  Paraiso,  had  to  be  done  on  the  beach 
under  unsatisfactory  conditions.  Use  for  changing  propellers  alone 
has  saved  a  great  deal  of  time  of  tugs  on  account  of  the  fact  that 
blades  are  freciuently  broken  while  handling  equipment  in  the  close 
spaces  in  the  Cut  or  on  dumping  grounds  where  accurate  charts  were 
not  available. 

The  Hercules  was  fitted  with  an  800-foot  air  compressor  and  a  num- 
ber of  shop  tools  and  with  quarters  for  the  men  employed  for  her  care 
and  operation,  and  spare  quarters  for  mechanics  detailed  to  work  on 
which  the  derrick  is  used.  The  air  compressor  has  also  been  installed 
on  the  Ajax  and  quarters  similar  to  those  on  the  Hercules  should  be 
installed.  The  work  on  both  derricks  was  done  by  the  Paraiso  shops 
of  this  division. 

From  time  to  time,  as  required,  the  submarines  of  the  "C"  class 
have  been  docked  and  repaired  for  the  Navy  Department;  also  the 
tug  Potomac  and  such  work  as  was  requested  on  the  tender  Severn. 
Since  the  detail  of  the  cruiser  Charleston  to  act  as  tender  some  work 
has  been  done  on  that  vessel,  and  as  soon  as  the  dry  dock  at  Balboa 
is  available  it  is  expected  to  place  her  in  dock.  The  most  important 
work  on  the  submarines  has  consisted  of  stripping  the  batteries  and 
machinery  with  a  view  to  making  careful  examhiation  of  inaccessible 
portions  of  the  hull  to  see  whether  it  has  deteriorated  to  a  dangerous 
extent.  In  connection  with  this  work  various  experimental  work  is 
to  be  performed  with  a  view  to  possibly  improving  the  seagoing  qual- 
ities of  the  vessels.  At  the  end  of  the  fiscal  year  the  work  on  the 
C-4  was  well  advanced  toward  completion ;  work  on  the  C-1  was  well 
begun,  and  work  on  the  other  three  vessels  of  the  class  had  not  been 
started. 

Until  the  canal  was  closed  by  the  slide  in  October,  1915,  there  was 
comparatively  little  overtime  work.     Then  it  became  necessary  to  do 
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a  great  doal  of  overtime  work  on  dredging  and  railroad  e([uipment. 
Much  of  this  was  dock  work,  which  was  done  at  CristohaL  At  the 
Paraiso  shop  the  work  was  in  the  nature  of  running  repairs.  At  the 
IJalboa  shops  it  was  prmcipally  repairs  to  spuds  and  dippers  and 
manufacturing  work.  By  the  first  of  the  year  conditions  governing 
the  dehvery  of  material  irom  the  States  had  reached  such  a  critical 
state  that  much  manufacturing  work  was  thrown  upon  the  Balboa 
shops  which  would  otherwise  have  been  performed  under  contract  in 
the  States.  By  this  time  also  the  ammunition  factories  and  ship- 
yards in  the  States  had  created  such  a  demand  for  mechanics  that  it 
was  difhcult  to  obtain  them  for  work  on  the  Zone.  This  fact,  together 
with  numerous  resignations  and  the  commencement  of  the  leave 
period,  February  1,  resulted  in  very  heavy  overtime  work  from  that 
date  till  the  close  of  the  fiscal  year.  The  resignations  were  generally 
with  a  view  to  obtaining  better  positions  in  the  States,  but  some  w^ere 
caused  by  fear  of  reduction  in  pay  or  loss  of  free  quarters,  fuel,  and 
light  when  the  provisions  of  the  ranama  Canal  act  went  mto  effect, 
July  1.  By  the  end  of  the  fiscal  year  return  of  the  employees  from 
leave  and  the  partial  filling  of  large  requisitions  for  men  m  the  States, 
together  with  the  easing  of  conditions  in  the  Cut,  reduced  the  over- 
time very  materially,  but  it  still  remains  in  excess  of  an  amount  com- 
patible with  most  efficient  service  of  individual  men  and  with  the 
most  efficient  supervision. 

The  fuel-oil  pumping  plants  were  operated  by  this  division  until 
September  1,  1915,  when  they  were  turned  over  to  the  supply  depart- 
ment in  accordance  with  the  Governor's  letter  of  December  5,  1914. 
Since  then  analyses  of  the  oil  have  been  made  by  the  chemist  attached 
to  this  division. 

Subsequent  to  August,  1915,  the  construction  work  on  the  fuel-oil 
plants  was  performed  by  this  division.  The  plants  had  already  been 
well  advanced  toward  completion,  having  been  placed  in  service,  the 
Balboa  plant  in  February,  1915,  and  the  Mount  Hope  plant  in  March, 
1916.  Subsequent  to  the  transfer  of  the  construction  work  to  this 
division  a  wooden  trestle  was  authorized  and  constructed,  leading  out 
to  the  oil  crib,  and  the  pipes  leading  to  the  crib  reinstalled  thereon. 
These  pipes  had  previously  been  laid  on  the  bottom  under  water  and 
the  flow  of  the  tide  was  sufficient  to  keep  them  constantly  leaking. 
Two  additional  55,000-barrel  fuel-oil  tanks  were  purchased  and  at  the 
close  of  the  fiscal  year  one  of  these,  at  Balboa,  was  ready  for  service, 
while  the  foundations  had  been  prepared  for  the  one  at  Mount  Hope 
and  work  of  erection  had  begun.  In  addition  the  tank  farms  were 
fenced  with  barbed  wire  attached  to  concrete  posts;  two  5,000-barrel 
gasoline  tanks,  one  at  Balboa  and  one  at  Mount  Hope,  were  erected 
and  connected.  A  500-barrel  tank  was  also  erected  at  Balboa,  with 
connection  to  a  standpipe  for  filling  tank  cars  on  the  tracks  of  the 
Panama  Electric  Company  for  transporting  fuel  oil  to  their  own  plant 
in  Panam  a.  This  tank  was  erected  with  the  understanding  that  after 
its  completion  some  equitable  decision  would  be  arrived  at  as  to 
whether  it  would  remain  the  property  of  the  canal  or  be  purchased 
either  by  the  Panama  Electric  Co,  or  by  the  Panama  Agencies  Com- 
pany.    Decision  in  the  matter  has  not  yet  been  reached. 

Piuring  the  year  the  question  of  whether  or  not  the  restrictions 
upon  the  gravity  of  fuel  oil  for  storage  on  the  Zone  might  be  modi- 
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fied,  lias  been  under  consideration.  At  present,  oil  below  16°  gravity 
is  not  allowed  to  be  stored,  and  tliis  rule  prevents  the  storage  of  pil 
from  some  of  the  most  prolific  fields,  thus  tending  to  increase  the 
price  to  shipping.  The  gravity  now  specified  was  origmally  deter- 
mined upon  to  prevent  storage  of  oils  whose  viscosity  would  be  so 
high  as  to  seriously  interfere  with  pumping.  Inasmuch,  however, 
as  the  viscosity  does  not  seem  to  have  any  defuiite  relation  to  grav- 
ity, investigation  has  been  under  way  to  determine  just  what  speci- 
fications might  be  adopted  wliich,  while  insuring  that  the  oil  could 
be  readily  handled,  would  permit  wider  range  for  storage.  The 
present  indications  are  that  oil  as  low  as  14°  Baume  gravity  might 
be  allowed  with  some  restrictions  as  to  the  viscosity,  and  report 
is  expected  to  be  submitted  shortly. 

The  large  demand  for  oil  for  vessels  tied  up  at  the  termmals  when 
the  canal  closed  in  October  exhausted  the  supply  of  oil  at  Mount 
Hope  and  it  became  necessary  to  transport  oil  by  rail  from  Balboa 
to  Cristobal.  About  twenty  old  locomotive  tender  tanks  were  fitted 
up  for  this  purpose  and  gave  fairly  satisfactory  service,  although 
not  ideal  for  the  purpose.  Their  use  permitted  vessels  to  be  sup- 
plied with  oil  under  conditions  which  otherwise  would  have  been 
very  embarrassing. 

An  experimental  installation  was  authorized  for  rendering  the 
atmosphere  above  the  gasoline  in  the  gasoline  storage  tank  at  Bal- 
boa nonexplosive  by  means  of  carbon-dioxide  gas  in  order  that  pro- 
tection might  be  given  against  fire.  The  apparatus  consists  essen- 
tially of  a  2-cyhnder  gasoline  engine — one  cylinder  acting  as  a  gen- 
erator of  power,  the  other  as  a  compressor.  The  gases  exhausted 
from  the  power  cyhnder  are  compressed  by  the  other  cylinder  and, 
after  being  scrubbed  and  cooled  by  proper  devices,  are  forced  into  a 
storage  tank,  where  pressure  of  about  150  pounds  per  square  inch  is 
maintained.  From  this  storage  tank  the  gas  passes  through  reduc- 
ing valves  to  the  gasoline  tank  in  which  it  is  maintained  at  a  pres- 
sure of  one-fourth  of  a  pound  per  square  inch.  The  apparatus  worked 
satisfactorily  and  tests  of  the  gases  above  the  gasoline  in  the  tank 
showed  them  to  be  nonexplosive. 

The  necessity  for  using  air  drills  on  the  banks  abreast  the  slide 
required  that  considerable  compressed  air  capacity  be  provided 
immediately  adjacent  to  the  work.  This  was  accomplished  by 
installing  two  2,500-foot  air  compressors  from  the  old  Empire  air 
compressor  plant,  on  board  the  seagoing  suction  dredge  Canhhean, 
steam  being  applied  from  the  boilci-s  of  the  vessel.  About  the  first 
of  January,  it  became  apparent  that  some  vessel  should  be  found  for 
transporting  native  cattle  from  Colombia  for  use  of  the  commissaries. 
The  Ancon  and  Cristobal  made  several  trips  for  the  purpose,  but 
their  value  as  regular  carriers  was  too  great  to  justify  continued  use, 
while  the  arrangement  of  their  decks  prevented  their  being  used  as 
efficiently  as  was  desirable  and  their  draft  prevented  access  to  some 
of  the  ports  from  which  shipment  was  to  be  made.  Accordingly, 
after  investigation,  it  was  decided  to  convert  the  dredge  Oarihhean 
into  a  cattle  boat,  and  in  order  that  this  might  ])e  done,  it  was  neces- 
sary to  provide  other  means  for  operating  the  air  compressors  at 
the  slides.  Two  of  the  Ba])cock  &  Wilcox  boilers  previously  in  use 
at  the  Gold  Hill  sluicing  plant  were  therefore  installed  on  one  of  the 
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old  rock  barges  to  provide  steam  for  a  2,500-foot  compressor  installed 
on  the  deck  at  either  end. 

While  this  work  was  being  done  at  Balboa,  the  work  of  fitting  up 
the  Carihhcan  was  carried  along  as  rapidly  as  possible  by  the  Paraiso 
shops,  without  interfering  with  the  use  of  the  compressors.  When 
the  compressor  barge  became  available,  the  Caribhean  was  trans- 
ferred to  the  dry  dock  shops,  where  necessary  dock  work  was  done 
and  the  vessel  placed  in  service,  starting  on  her  first  trip  July  1,  1916. 
The  work  is  still  incomplete,  but  is  being  completed  from  time  to 
time  as  the  vessel  becomes  available  between  trips.  To  fit  her  for 
this  purpose,  bidwarks  were  erected  around  the  main  deck;  a  complete 
wooden  deck  fitted;  hopper  doors  securely  closed;  suction  and  over- 
flow pipes  removed;  quarters  for  customs  inspectors  installed;  troughs 
for  water  and  feed  installed;  two  cargo  winches  installed;  also  a 
heavy  gangway  platform  with  a  chute,  the  lower  end  of  which  may 
be  rested  upon  the  barge  upon  which  the  cattle  are  brought  out  from 
the  shore.  Ultimately  the  main  deck  will  be  divided  into  pens 
accommodating  8  or  10  cattle  each,  and  other  special  accommoda- 
tions provided.  At  present,  the  subdivision  of  the  deck  is  accom- 
plished by  means  of  temporary  wooden  partitions,  on  account  of  the 
material  for  the  permanent  partitions  not  having  been  received.  The 
present  subdivision  is  less  complete  than  will  ultimately  be  the  case, 
but  even  so  it  is  found  that  the  vessel  may  carry  about  425  head 
comfortably,  and  so  far  there  has  been  no  injury  to  the  stock,  and 
it  arrives  in  condition  superior  to  that  in  which  it  arrived  when  trans- 
ported by  other  vessels.     The  cattle  are  carried  on  the  main  deck 

The  fact  that  the  vessel  is  available  for  regular  trips  permits  the 
cattle  to  be  collected  from  the  pastures  barely  in  time  to  be  loaded 
and  avoids  losses  of  weight  from  lack  of  food  and  water  while  waiting 
shipment.  The  subdivision  of  the  deck  will  reduce  the  danger  of 
injury  to  cattle  while  being  transported. 

Vessels  were  docked  during  the  year  at  the  Cristobal  Dry  Dock, 
distributed  as  follows.  Vessels  docked  more  than  once  are  counted 
once  for  each  docking: 

Dredging  division 67 

Marine  division 3 

Panama  Railroad 10 

United  States  Army 5 

United  States  Navy 8 

Individuals  and  companies 4 

East  breakwater 7 

Panama  Government 2 

Owing  to  the  rush  of  work  on  dredging  equipment,  it  was  neces- 
sary to  refuse  to  dock  a  number  of  individual  and  company  vessels 
which  might  otherwise  have  been  cared  for.  One  dredging  division 
vessel,  the   Corozal,  was  docked  in  the  dry  docks  at  Balboa. 

Orders  were  received  for  manufacturing  four  towing  locomotives 
at  Balboa  but  only  a  little  work  was  possible  before  the  end  of  the 
fiscal  year,  due  to  failure  of  the  patterns  to  arrive  from  the  States. 
This  and  the  other  manufacturing  work  in  sight  wiU  facilitate  em- 
ploying the  force  uniformly  and  wiU  result  in  benefit  to  the  shops. 
Additional  manufacturing  jobs  included  construction  of  a  boom  for 
the  dredges  of  the  Paraiso  class;  a  ladder  for  the  dredge  Marmot;  and 
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one  for  dredge  No.  5;  three  oil  barges,  two  of  which  were  made  by 
using  portions  of  the  old  drill  barge  Teredo;  and  two  house  boats  for 
the  Army.  Numerous  small  motor  boats  and  pangas  were  also 
constructed  under  the  appropriation  for  the  current  fiscal  year. 
Authority  has  been  granted  to  build  two  gasohne-driven  steel  boats 
for  watch  boats  in  the  dredging  division,  and  two  supply  boats  for 
the  marine  division,  the  latter  having  a  length  on  the  water-hne  of 
about  75  feet. 

A  number  of  jobs  of  considerable  magnitude  were  done  for  individ- 
uals and  companies  during  the  year,  among  which  may  be  mentioned 
extensive  repairs  to  the  boilers  of  the  steamships  Whitgift  and  St. 
Louis,  to  the  rudder  of  the  Curaca,  and  to  the  stern  of  the  Elm 
Branch.  Three  manufacturing  orders  of  considerable  magnitude 
were  accomplished  for  the  Ferrocarril  de  Arica  a  La  Paz,  consisting 
of  six  cast  steel  frames  for  geared  mountain  climbing  locomotives, 
3,000  semisteel  rail  chairs  and  16  steel  gears  for  use  on  locomo- 
tives. These  jobs  were  taken  in  competition  with  the  States  and 
cost  less  than  the  estimates  and  were  completed  under  conditions 
that  were  satisfactory  as  to  dehvery. 

The  rapid  deterioration  of  wood  in  this  climate  and  the  difficulty 
of  obtaining  prompt  deliveries  from  the  States  and  of  preserving 
stocks  until  consumed,  suggested  the  necessity  of  an  mvestigation  to 
determme  whether  or  not  some  construction  was  not  possible  which 
would  be  more  durable  and  cheaper  in  the  long  run  than  wood  im- 
ported from  the  United  States.  Accordingly,  on  my  recommenda- 
tion, steel  underframes  were  authorized  for  the  permanent  passenger 
equipment  of  the  Panama  Railroad,  and  experiments  were  started 
looking  to  the  use  of  steel  to  a  considerable  extent  on  other  equipment 
previously  constructed  entirely  of  wood.  Consideration  was  also 
given  to  tlie  use  of  native  timber,  and  a  force  was  sent  into  the  woods 
to  cut  a  supply  of  several  varieties.  This  timber  has  been  sawed  and 
dried  and  is  now  practically  ready  for  use. 

The  going  into  effect  on  July  1,  1916,  of  the  Panama  Canal  act,  in 
so  far  as  it  refers  to  the  pay  of  canal  employees,  involved  fixing  rates 
based  on  rates  paid  by  the  Government  in  continental  United  States. 
Owing  to  the  great  demand  for  mechanics  in  the  States  at  present, 
wages  there  have  been  so  high  that  this  readjustment  of  wages  resulted 
in  most  cases  in  small  increases,  but  there  were  small  reductions  in  a 
few  cases,  generally  in  unimportant  trades  or  trades  where  the  condi- 
tions of  service  are  different  on  the  Zone  from  those  in  the  States. 
Except,  therefore,  for  the  question  of  whether  or  not  free  quarters, 
fuel,  and  light  were  to  be  allowed,  there  has  been  little  discontent 
with  the  new  scale  of  wa^es,  but  the  adjustment  of  rates  in  detail 
involves  a  large  amount  of  investigation  in  order  to  fix  the  rates  for 
individual  positions.  This  is  especially  the  case  in  the  mechanical 
division,  for  which  conditions  are  in  general  most  nearly  comparable 
with  those  in  effect  in  Government  esta})lishmonts  in  the  States. 
Some  discontent  has  arisen,  due  to  the  fact  that  trades  which  for- 
merly all  received  the  same  rates  of  pay,  now  receive  in  many  cases 
different  rates  of  pay;  but  this  is  a  minor  matter. 

From  the  investigation  referred  to  above,  it  became  apparent  that 
as  a  class  the  mechanics  and  clerks  have  been  for  years  paid  practically 
the  maxinmm  permissible  under  the  new  sche<lule.  On  the  contrary, 
the  supervisory  and  technical  forces  were  found  to  be  materially 
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underpaid,  as  compared  witli  similar  forces  in  the  States,  wlien  the 
full  allowance  permitted  by  the  Panama  Canal  act  was  applied.  It 
has  been  my  impression  ever  since  my  arrival  on  the  Zone  that  fore- 
men did  not  receive  compensation  commensurate  with  their  responsi- 
bilities and  with  the  compensation  of  the  employees  supervised,  but 
it  seemed  undesirable  to  make  any  change  until  the  whole  matter 
of  compensation  was  handled  in  accordance  with  the  provisions  of 
the  Panama  Canal  act,  which  of  course  became  possible  only  m  con- 
nection with  the  present  investigation  of  the  subject.  These  investi- 
gations indicate  very  clearly  that  the  more  important  positions  as 
foremen  are  entitled  to  an  mcrease  of  from  10  to  15  per  cent,  as  com- 
pared wnth  the  rates  previously  paid,  and  the  services  rendered  by  the 
incumbents  of  these  positions  have  been  so  uniformly  good,  and  often 
under  such  trying  conditions,  that  I  have  taken  pleasure  in  finding 
that  conditions  seem  to  justify  higher  compensation  in  many  cases. 

The  leave  conditions,  while  imposing  less  restrictions  upon  the  per- 
formance of  the  work  this  year  than  last,  have  still  resulted  in  great 
inconvenience  and  at  times  in  loss  of  efficiency.  The  issue  of  new 
appointments,  effective  April  1,  1914,  made  the  service  year  of  all 
employees  then  in  service  date  from  that  day,  and  resulted  that  all 
leave  for  the  fiscal  year  1915  (unless  the  same  was  to  be  forfeited  or 
accumulated,  or  unless  it  had  to  be  deferred  for  tlie  good  of  the  service) 
had  to  be  taken  between  February  1  and  March  31  as  to  annual  leave, 
and  between  February  1  and  May  31  as  to  cumulative  leave.  In  a 
department  depending  so  largely  as  this  division  does  upon  gold  labor, 
this  resulted  that  a  very  large  percentage  of  the  force  was  on  leave 
during  these  four  months.  Resignations  and  new  employments  have 
tended  to  distribute  the  commencement  of  the  service  year  more 
uniformly  through  the  year,  and  it  is  this  which  has  relieved  condi- 
tions as  they  existed  last  year.  But  so  large  a  percentage  of  employees 
still  retam  the  date  of  April  1  as  the  commencement  of  their  service 
year  that  an  undesirably  large  number  of  men  were  on  leave  nearly 
all  the  time  throughout  the  four  months  referred  to. 

Table  No.  13  is  inclosed,  which  compares  the  number  on  leave 
during  this  period  for  1915  and  1916.  This  table  indicates  the  effect 
of  the  change  in  service  years,  but  the  conditions  shown  for  the  year 
1916  was  made  possible  only  by  deferring  the  leave  of  83  employees, 
Avhile  a  few  forfeited  their  leave  because  they  could  not  take  it  at  the 
time  they  desired.  In  my  report  for  last  year,  I  made  the  following 
general  comments  relative  to  the  effect  of  the  present  leave  regula- 
tions, and,  subject  to  modification  due  to  effect  of  changes  m  com- 
mencement of  service  year  as  outlmed  above,  are  still  pertinent: 

There  is  a  general  tendency,  when  choice  of  date  is  possible,  for  employees  intending 
to  visit  the  States  to  ask  for  leave  effective  about  May  1  or  September  1.  This  avoids 
cold  weather  in  the  States,  with  the  danger  of  colds,  etc.,  incident  to  great  change  of 
temperature,  also  the  expense  for  heavy  clothes,  while  at  the  same  time  permitting 
Bufficient  change  of  climate  to  be  beneficial  to  the  health.  Under  conditions  aa  they 
existed  this  year  no  advantage  could  be  taken  of  the  fall  season  except  when  the  head 
of  the  division  was  unable  to  spare  the  services  of  the  employee  for  several  months  and 
leave,  therefore,  had  to  be  postponed  for  the  good  of  the  service.  Few  leaves  required 
to  be  postponed  for  that  length  of  time;  hence  the  benefits  to  health  for  employees  who 
might  have  chosen  to  go  in  the  fall,  rather  than  early  in  February  or  late  in  May,  was 
reduced  to  the  minimum. 

_  With  a  gold  force  as  large  as  that  employed  by  the  mechanical  division,  four  months 
(i.  e.,  two  months  prior  to  and  two  months  after  the  expiration  of  the  service  year)  do 
not — under  conditions  now  existing  and  likely  to  exist  for  at  least  two  or  three  years  yet 
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to  come — give  sufficient  latitiide  for  granting  leave  to  all  employees  wlio  are  entitled 
to  it  without  seriously  reducing  the  efficiency  of  the  organization.  It  would  seem 
desirable  to  consider  some  modification  permitting  more  latitude,  and  it  is  suggested 
that  the  modification  might  well  consist  in  allowing  cumulative  leave  for  any  ser\dce 
year  to  be  taken  at  any  time  subsequent  to  the  expiration  of  10  months'  ser\dce  during 
the  year  and  by  allowing  it  to  be  comliined  with  any  unused  annual  leave  for  the  cur- 
rent year  or  the  previous  year  not  in  excess  of  24  days.  No  change  should  be  made  in 
the  present  regulations  relative  to  accumulation  of  cumulative  leave,  nor  in,  the  pro- 
vision that  leave  may  be  taken  only  when  the  employee 's  services  can  be  spared. 

Another  thing  that  has  given  ground  for  complaint  and  for  requests  for  postpone- 
ment of  leave  is  the  fact  that,  unless  such  employees  take  leave  in  the  hottest  part  of 
the  summer,  those  who  have  children  must  take  them  out  of  school  or  else  leave  them 
on  the  Isthmus.  Quite  a  number  of  requests  for  postponement  on  this  ground  were 
received  from  employees,  but  your  office  decided  that  it  was  not  a  reason  which  would 
justify  postponement  under  the  regulations.  It  seems  to  me  that  this  is  a  condition 
which  should  receive  serious  consideration  and  which  might  be  met  by  a  change  in 
the  opening  date  of  the  school  year,  so  as  to  allow  children  to  be  taken  to  the  States 
during  either  the  spring  or  the  fall  without  having  to  miss  school.  My  contact  with 
the  boys  of  the  Zone,  incident  to  the  employment  of  apprentices,  indicates  that  the 
children  of  employees  do  not  receive  proper  benefit  from  the  excellent  school  system. 
This  is  no  doubt  largely  due  to  carelessness  on  the  part  of  parents,  and  this  carelessness 
may  reasonably  be  expected  to  be  less  under  operating  conditions  than  was  the  case 
under  construction  conditions;  but  at  best,  even  if  there  is  room  for  choice  (which 
does  not  exist  now),  parents  will  be  too  prone  to  take  their  leave  at  the  best  season  for 
comfort  in  the  States,  regardless  of  any  interference  with  the  schooling  of  their  children 
which  it  involves,  and  the  fitting  of  children  for  the  best  accomplishments  in  after  life 
will  thereby  be  interfered  with. 

The  maximum  expenditures  for  the  division  as  a  whole  were  for 
the  month  of  May,  1916,  and  amounted  to  $446,595.72,  divided  as 
follows : 

Balboa  shops $272, 146.  50 

Dry-dock  shops,  Cristobal 69,  149. 08 

Paraiso  shops 81,  332. 08 

Roundhouse,  Cristobal 23,  967. 21 

446,  595. 72 

The  maximum  number  of  employees  in  the  division  was  in  June, 
1916,  and  consisted  of  972  on  the  gold  roll  and  2,003  on  the  silver  roll, 
distributed  as  follows : 

Silver. 

Balboa  shops 

Dry-dock  shops,  Cristobal . 

Paraiso  shops 

Roundhouse,  Cristobal 

Miscellaneous 

The  minimum  expenditures  for  the  division  as  a  whole  were  for 
the  month  of  August,  1915,  amounting  to  $336,959.94,  distributed  as 
follows : 

Balboa  shops $218, 147.  83 

Dry-dock  shops,  Cristobal 52,  122.  06 

Paraiso  shops 45,  943.  75 

Roundhouse,  Cristobal 20,  746.  30 

336,  959.  94 


582 

1,081 

185 

401 

162 

371 

11 

41 

32 

109 
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Tlic  minimum  number  of  employees  was  during  the  month  of 
November,  1915,  consisting  of  865  on  the  gold  roll  and  1,824  on  the 
silver  roll,  distributed  as  follows :  * 


Gold. 


Silver. 


Balboa  shops I  530  996 

Dry-ilock  shops,  Cristobal 155  348 

Pafaiso  shops 128  299 

RouiKlhouse,  Cristobal 11  ,  44 

Miscellaaeous 41  137 

Tlie  accounting  system,  originally  provided  for  this  division  when 
the  Balboa  shops  were  placed  m  service,  has  continued  to  be  used 
with  very  minor  modifications  made  after  careful  consideration  and 
with  the  approval  of  the  auditor.  This  system  has  continued  to 
demonstrate  its  suitability  and  has  exercised  a  large  influence  toward 
the  efficiency  of  the  force. 

Tables  as  follows,  showing  various  phases  of  the  operations  of  the 
mechanical  division  for  the  fiscal  year  1915,  accompany  this  report, 
also  a  blue  print  showing  the  organization  in  effect  July  1,  1916, 
Plate  No.  106: 

Table    1.  Abstract  of  expenditures  of  the  mechanical  division,  showing  distribution 
of  charges  and  overtime  work  performed. 

2.  Abstract  of  expenditures  of  the  mechanical  division,  for  Balboa  shops  only, 

showing  distribution  of  charges  and  overtime  work  performed. 

3.  Abstract  of  expenditures  of  the  mechanical  division,  for  dry-dock  shops 

only,  showing  distribution  of  charges  and  overtime  work  perforrhed. 

4.  Abstract  of  expenditures  of  the  mechanical  division,  for  Cristobal  round- 

house only,  showing  distribution  of  charges  and  overtime  work  performed. 

5.  Abstract  of  expenditures  of  the  mechanical  division,  for  Paraiso  shops  only, 

showing  distribution  of  charges  and  overtime  work  performed. 

6.  Abstract  of  expenditures  for  the  operation  of  the  foundry,  Balboa  shops. 

7.  Expenditures  and  output  of  the  oxy-acetylene  plant,  Balboa  shops. 

8.  Number  of  repairs  to  locomotives. 

9.  Number  of  repairs  to  equipment  other  than  locomotives  and  cars. 

10.  Number  of  shop  and  field  repairs  made  to  different  classes  of  cars. 

11.  Amount  of  equipment  hostled,  and  the  cost. 

12.  Statement  of  mechanical  division  force  on  the  rolls  at  the  close  of  each 

month  during  the  year. 

13.  Comparative  statement  of  changes  in  personnel  from  month  to  month 

during  the  year. 

14.  Statement  of  employees  requisitioned  from  the  United  States  during  the 

year,  mechanical  division. 

Respectfully  submitted. 

D.  C.  Nutting, 

Superintendent  Mechanical  Division. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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Table  No.  1. — Abstract  of  expenditures  of  the  mechanical  division,  showing  distribution 
of  charges  and  overtime  work  performed. 


Month. 


Abstract  of  expenditures. 


Labor. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

Juiie 

Total 

Average  per  month  this  year 
Average  per  month  last  year 


S192, 100. 55 
176,957.17 
174,536.47 
183,925.19 
173,052.03 
181,294.99 


182, 253.  62 
179,370.44 
196, 667.  01 
188,826.10 
208,. 573. 38 
202, 770. 32 


2, 240, 327.  27 
186, 693. 94 
174,395.23 


Material. 


$144,479.35 
126, 282. 16 
133, 572. 24 
140, 235. 22 
153, 254.  OS 
133, 215.  38 


179, 983.  78 
171,553.55 
128, 333.  59 
184,202.95 
202, 905.  22 
152, 733.  92 


1,850,751.44 
154, 229.  29 
144, 755. 92 


Other  expense. 


$17, 516. 01 
33, 720. 61 
35, 562.  25 
40, 701. 33 
35, 402.  59 
34,114.74 


29, 487. 59 
25,275.43 
24,399.69 
23, 750.  05 
35,117.12 
26,988.11 


362, 035.  52 
30, 169.  62 
60, 139. 29 


Total. 


§354,095.91 
336, 959. 94 
343,670.96 
364,861.74 
361, 708. 70 
348,625.11 


391,724.99 
376, 199. 42 
349, 400. 29 
396, 779. 10 
446, 595. 72 
382,492.35 


4,453,114.23 
371,092.85 
379,290.44 


Month. 


1915. 

July ; 

Augvist 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year. 


Distribution  of  charges. 


Individuals 
and  com- 
panies. 


$61,945.52 
26, 175.  72 
13, 087. 62 
10, 528.  92 
11,277.95 
9,716.41 


7,908.87 
8, 552. 27 
8, 746. 34 
12,526.91 
13, 794. 49 
14,894.19 


199,155.21 
16, 596.  27 
6, 203.  90 


Panama 
Railioad. 


$119,527.19 
92,  736.  68 

124,679.99 
96,364.89 

107, 009.  26 
84,347.97 


110,052.02 
103,945.85 
78, 422. 35 
97,578.14 
87, 286. 93 
112,512.31 


1,214, 463.  .58 
101,205.29 
83, 232. 12 


Departments 

and 

divisions. 


$190,424.51 
239, 426.  91 
246,594.84 
240,434.78 
222,  519.  08 
209,359.07 


253,401.85 
273,919.32 
226, 369. 37 
267,341.11 
280, 626. 66 
255, 032. 89 


2, 965, 450. 39 
247, 120.  87 
289,854.42 


Overtime. 


Amount. 


$10,676.02 
14,374.51 
14,300.97 
21,238.34 
16,694.11 
15,410.60 


12,971.87 
14,914.95 
18, 888. 99 
22, 882.  28 
33,323.81 
23,614.04 


219, 290.  49 
18, 120.  87 
10, 956. 30 


Per  cent 
of  total. 


5.56 
8.12 
8.19 
11.55 
9. 65 
8.50 


7.12 
8.32 
9.60 
12.12 
15.98 
11.65 


9.79 
9.79 
6.2S 
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Table  No.  2.— Abstract  of  expenditures  of  the  mechanical  divis'ionfor  Balboa  shop<i  only 
showing  distribution  of  charges  and  overtime  work  performed.  ' 


Month. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Averafce  per  month  this  year 
Average  per  mouth  last  year 


Month. 


Abstract  of  expenditures. 


Labor. 


$124,432.21 
115,265.45 
111,548.48 
118,140.42 
109,151.05 
112,712.48 


113,  ,352.  00 
113,761.03 
123,019.34 
116,622.32 
118,345.31 
118, 787. 39 


1,395,138.08 
116,261.51 
117,492.36 


Material. 


8101,600.40 
84,837.24 
99, 504.  03 
107, 537.  69 
110,3.58.86 
91, 820. 37 


136, 212. 55 
130, 799. 48 
94,747.17 
132, 956. 81 
1.32,981.56 
107,721.52 


Other  expense. 


S9, 609. 92 
18,045.14 
18, 165. 09 
26, 155.  .39 
22,  754. 46 
20,  721.  06 


17,791.45 
16, 036.  05 
18,270.01 
19, 433. 13 
20,819.63 
15,307.04 


1,331,077.68 
110,923.14 
112,213.61 


223, 108. 37 
18,592.36 
38, 830. 19 


Total. 


$235,642.53 
218, 147. 83 
229,217.60 
251,833.50 
242,264.97 
225, 253. 91 


267, 3.56. 00 
260, 596. 58 
236, 036. 52 
269,012.26 
272, 146.  50 
241,815.95 


2,949,324.13 
245, 777. 01 
268, 536. 16 


Distribution  of  charges. 


Indivirluals       r> 
and  com-         Panama 
panies.  Railroad. 


1915. 

July 

August 

September 

October 

November , 

December , 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year. 


$56, 466.  99 
1,695.95 
9, 607. 20 
5, 5.50. 34 
10,348.97 
7, 698. 22 


5,^36.54 
5,647.27 
7,294.90 
7,636.60 
5, 253. 07 
6,921.10 


129, 557. 15 
10,  796.  43 
2, 426.  22 


$94,814.64 
71,015.51 

104,547.85 
75,351.45 
89, 906. 35 
70, 221.  92 


90,653.30 
88,221.00 
63, 203. 92 
76, 730.  43 
71,075.73 
98, 140.  98 


993, 883. 08 
82, 823.  59 
62, 219. 88 


Departments 

and 

divisions. 


$124,902.89 
139, 327.  42 
163,113.15 
142, 858.  06 
136,958.58 
172, 645. 08 


155, 494.  26 
170, 708. 38 
147,922.28 
142, 0.55. 64 
184,448.55 
125, 393. 19 


Overtime. 


Amount. 


1,805,827.48 
150, 485.  62 
203,890.06 


$4,  718.  74 
7,713.01 
5, 507.  93 

11,445.69 
8,681.36 
7, 350. 69 


5,  724.  49 
8, 422.  23 
11,585.81 
10,374.05 
10,316.15 
7, 552. 00 


99,392.15 
8, 282.  68 
5,621.32 


Per  cent 
of  total. 


3.79 
6.69 
4.94 
9.69 
7. 95 
6.52 


5.  OS 
7.40 
9.42 
8.90 

8.72 
6.36 


7.12 
7.12 

4.78 


63503°— 16 23 
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Table  No.  3. — Abstract  of  expenditures  of  the  mechanical  division,  for  dry-dock  shops 
only,  showing  distribution  of  charges  and  overtime  work  performed. 


Month. 

Abstract  of  expenditures. 

Labor. 

Material. 

Other  expenses. 

Total. 

1915. 
July 

S34, 26S.  72 
32,203.62 
32,521.47 
32, 768. 23 
32,)09.48 
33,  726. 90 

32,933.12 
30,651.29 
36,074.44 
34,537.58 
46, 263. 99 
44,186.61 

S13, 109. 66 
12,917.22 
10, 349. 38 
11, 855. 71 
10,928.69 
11,352.32 

13, 286. 70 
10, 230. 12 
10, 300. 60 
15,002.63 
14,208.66 
17,310.15 

$4, 748. 86 
7,001.22 
8, 480. 00 
6,687.42 
5,  888. 09 
5, 828. 19 

3, 355. 82 
3,319.29 
565.  76 
906.  HI 
8,677.28 
6, 493. 53 

$52,127.24 

52, 122.  06 

September                                       

51,350.85 

October                        

51,311.36 

48,926.26 

December 

50,907.41 

1916. 
January 

49, 575. 64 

February 

44,200.70 

March 

46,  940.  SO 

50,446.82 

May 

69,149.93 

.Tiinn    . 

67, 990. 29 

Total 

422,245.45 
35,187.12 
30,077.94 

150,851.84 
12, 570. 99 
12,194.15 

61,952.07 
5, 162.  67 
12,933.07 

635,049.36 

52, 920.  78 

5.5, 205. 16 

Month. 


Distribution  of  charges. 


Individuals 
and  com- 
panies. 


Panama 
Railroad. 


Departments 

and 

divisions. 


Overtime. 


Amount. 


Per  cent 
of  total. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year. 


S2,329.86 

21,463.28 

2,007.93 

4, 826. 18 

816. 50 

1,921.70 


2,467.83 
2,581.75 
1,366.04 
4, 890. 31 
8,541.42 
7,774.93 


$16,418.93 

11,144.20 

10, 382. 37 

8, 009. 97 

6,023.45 

4, 882. 31 


9, 397.  63 
"  5, 558. 12 

5,491.76 
11,112.21 

4, 826.  62 

3, 868. 24 


$17,502.74 
49,187.18 
31,895.76 
44,333.48 
30, 0-lo.  82 
34,546.13 


33, 362. 46 
42, 534. 79 
17, 833.  79 
58, 606. 71 
11,211.33 
58,999.57 


$2.  440. 87 
3,383.07 
3, 885. 43 
4.789.47 
3,974.01 
3, 129.  67 


1, 257.  43 
1,423.77 
2, 396. 80 
6, 053. 70 
14,124.19 
10, 828. 13 


7.12 
10.51 
11.95 
14.62 
12.38 

9.28 


3.82 
4.65 
6.64 
17.  .52 
30.53 
24.51 


60,991.03 
5, 082.  .59 
3,124.20 


97,118.81 

8,093.23 

10, 099. 06 


430, 659. 76 
35, 888. 31 
41,981.89 


57, 686. 54 
4,807.21 
2,341.46 


13.66 
13.66 
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Table  No.  4. — Abstract  of  expenditures  of  the  mechanical  division,  for  Cristobal  round- 
house only,  showing  distribution  of  charges  and  overtime  work  performed. 


Abstract  of  expenditures. 


Labor. 


Material. 


Other  expenses. 


Total. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year 


S3, 983. 30 
3  524. 78 
3,053.54 
3,451.35 
3,321.47 
3, 482. 48 


3, 402. 61 
3,418.94 
3,382.98 
.3,251.19 
3, 266. 03 
3,431.21 


817,850.71 
15, 360. 44 
11,42.5.90 

7, 475. 13 
15, 886. 23 

9, 693. 06 


10, 348. 92 
10, 826. 02 

4,691.44 
11,517.77 
19,114.87 

3, 820. 91 


3482. 82 
1,861.08 
1,426.72 
1,183.20 
874.82 
1,254.42 


1.318.10 
2,419.97 
1, 237. 56 

250. 32 
1,586.31 

656. 83 


S22,316.83 
20,746.30 
1.5, 906. 16 
12,109.68 
20, 082. 52 
14,429.96 


1,5,069.63 
16,664.93 

9,311.98 
15,019.28 
23, 967. 21 

7.908.95 


40,969.88 
3,414.16 
3, 528. 92 


138,011.40 
11,500.95 

9,688.18 


14,552.15 
1,212.68 
2, 579. 34 


193, 533. 43 
16, 127. 79 
15, 796. 44 


Month. 


Distribution  of  charges. 


Individuals 

and  com 

panics. 


Panama 
Railroad. 


Departments 

and 

divisions. 


Overtime. 


Amount. 


Per  cent 
of  total. 


July 

August 

September . 
October . . . 
No\  ember. 
December . . 


January . . 
February. 

March 

April 

May 

June 


1916. 


Total 

Average  i)er  month  this  year. 
Average  per  month  last  year. 


83, 148.  67 

3,016.49 

1,472.49 

1.52. 10 

112.48 

5.47 


4.50 
20. 25 
5.62 


88, 280. 63 
10, 573. 00 

9, 678. 37 
12, 990. 82 
11,073.93 

9, 187. 66 


9,799.90 
10,145.13 

9, 686. 54 

9, 678. 68 
11,157.15 

9, 842. 62 


85, 010. 51 
5, 933. 53 
3,912.45 
3, 823. 33 
3,411.29 
5, 542. 92 


4,795.95 
6, 322. 84 
5,679.14 
3, 825. 51 
4,643.62 
3, 763. 80 


S574.35 
633. 65 
366. 40 
616. 19 
529. 23 
391.72 


593. 06 
545. 42 
382. 59 
520.  78 
425. 21 
511.39 


14.42 
17.98 
12.00 
17.85 
1.5.93 
11.25 


17. 43 
15.95 
11.31 
16.02 
13.02 
14.90 


7, 926. 83 
660.  57 
653. 48 


122,094.43 
10,174.53 
10, 872. 52 


56, 667. 89 
4,  722. 32 
4,270.44 


6, 089. 99 
507.50 
511.20 


14.86 
11.86 
14.49 
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Table  No.  5. — Abstract  of  expenditures  of  the  mechanical  division,  for  Paraiso  shops 
onhj,  showing  distribution  of  charges  and  overtime  work  performed. 


Month. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year 


Abstract  of  expenditures. 


Labor. 


S29,416.32 
25,963.32 
27,412.98 
29,565.19 
28, 469. 43 
31,373.13 


32, 565.  89 
31,539.18 
34, 190.  25 
34,415.01 
40, 698. 05 
36,  .365. 11 


381.973.86 
31,831.16 
23, 296. 01 


Material. 


Sll.918.58 
13,107.26 
12, 292. 93 
13,366.69 
16, 080. 30 
20, 349. 63 


20,135.61 
19, 697. 93 
18,594.38 
24,  725.  74 
36, 600. 13 
23,881.34 


230.810.52 
19, 234. 21 
10, 659. 97 


Other  expenses. 


$2, 674. 41 
6,813.17 
7, 490. 44 
6, 675. 32 
6, 885. 22 
6,311.07 


7  022. 22 
3'  500. 12 
4,326.36 
3,159.99 
4,033.90 
4, 530. 71 


62, 422. 93 
5,201.91 
5,  796. 69 


Total. 


S44, 009. 31 
45, 943. 75 
47,196.35 
49, 607. 20 
50,4,34.95 
58, 033. 83 


59, 723. 72 
54, 737. 23 
57,110.99 
62, 300.  74 
81,  .332. 08 
&4,777.16 


675,207.31 
56, 267. 28 
39, 752. 67 


Month. 


Distribution  of  charges. 


Individuals 

and  com 

panics. 


Panama 
Railroad. 


Departments 

and 

divisions. 


Overtime. 


Amount. 


Per  cent 
of  total. 


July 

August 

September. 
October . . . 
November. 
December . 


January . . 
Februarj'. 

March 

April 

May 

June 


1916. 


Total 

Average  per  month  this  year. 
Average  per  month  last  year. 


S91.02 


198. 16 


$12. 99 
3.97 
71.40 
12.65 
5.  .53 
56.08 


201.19 
21.60 
37.13 
56.82 
16, 002. 49 
660.  47 


$43, 008. 37 
44,978.78 
47,673.48 
49,419.91 
51,500.39 
56,624.94 


59,749.18 
51,6.53.31 
55.025.18 
62, 853. 25 
64,548.10 
66, 876. 33 


S2,942.06 
2, 644. 78 
4,541.21 
4, 386. 99 
3.509.51 
4, 538. 52 


5,396.89 
4,  .523. 53 
4,523.79 
5, 933. 75 
8, 458. 26 
4, 722. 52 


10.01 
10.19 
16.57 
14.84 
12.33 
14.47 


16.57 
14.34 
13.23 
17.24 
20.78 
12.99 


289. 18 
24.10 


17,142.32 

1, 428.  .53 

40.66 


6.56,911.22 
54,  742.  60 
39,  712. 01 


56,121.81 
4,  676. 82 
2,483.33 


11.69 
14.69 

10.66 
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Table  No.  G.— Abstract  of  expenditures,  mechanical   division,  for  the  operation  of  the 

foundry,  Balboa  shops. 


Metals. 

July. 

August. 

September 

October. 

November 

December. 

Aluminum: 

Pounds 

49 
$0,256 

16 

SO.  264 

Babbitt: 

Pounds 

361 
$0,372 

8,556 
$0. 133 

1,447 
$0. 190 

Brass: 

Pounds 

13, 304 
$0,123 

1,139 

$0,183 

770 

$0. 177 

141 
SO.  223 

11,557 
SO. 124 

825 
$0. 183 

1,330 

SO.  165 

460 

SO.  182 

15, 315 
SO.  lis 

1,598 
So.  174 

426 
SO.  168 

1,0.52 
$0. 186 

7 
SO.  159 

13,111 
SO.  117 

3,524 
$0. 145 

1,674 
SO. 166 

1,101 

$0,185 

Unit  cost 

20, 902 

Bronze: 

Pounds 

SO.  114 

Unit  cost 

3,565 

Bronze,  phosphorous: 
Pounds 

SO.  166 

Unit  cost 

600 

Bronze,  hard; 

Pounds 

SO.  157 

Unit  cost 

538 

Bronze,  manganese: 

Pounds 

SO.  171 

Bronze,  special: 

Pounds 

603 
SO.  176 

12 
SO.  142 

Copper: 

Pounds 

12 

SO. 249 

20 

$0. 154 

32 

SO.  152 

42 

SO. 064 

411 

SO.  132 

5 
SO.  170 

Unit  Cost 

Lead: 

Pounds 

Met,al,  brazing: 

Pounds 

128 
$0. 154 

6 

SO.  143 

59 
SO.  120 

Unit  cost 

153 

SO.  126 

Metal,  white,  low  grade: 

Pounds 

Tin: 

Pounds 

21 

SO.  541 

Zinc: 

Pounds 

Unit  cost 

63 
$0. 146 

Total,  brass  foundry: 

Output ■  .pounds. . 

Patterns 

15, 429 

25 

676 

10,512 
23 

14,678 

28 

592 

$1,985.52 

18,517 

46 

1,312 

$2, 376.  95 

20,041 

53 

1,071 

$2, 643. 67 

25, 758 

Castings 

30 

Expenditures 

$2,028.23       $1,572.30 

1,639 

$3,117.30 

Iron: 

Output pounds. . 

Unit  cost... 

101,242 

$0. 0375 

52 

1,355 

S3, 795. 99 

146,015 

SO.  0321 

84 

2,837 

$4,685.77 

149,991 

$0.0269 

44 

2,568 

$4,035.41 

207,960 

SO.  0252 

57 

3,372 

$5, 240. 02 

225, 717 

$0. 02.;0 

65 

3,128 

$5,648.25 

256, 713 

Patterns 

$0.0165 

Castings... 

56 

Expenditures 

2,941 

$4, 240. 52 

Steel: 

Output pounds.. 

Unit  cost... 

81,822 

SO.  0827 

33 

518 

$6, 764. 61 

71,081 

SO.  0707 

16 

989 

$5,027.08 

83,598 

SO.  0636 

37 

978 

$5,316.99 

99,603 

$0. 0639 

46 

1,073 

$6,361.54 

70,693 

$0. 0628 

26 

702 

$4, 442.  38 

131,690 

Patterns 

$0. 0477 

Castings . . . 

22 

Expenditures 

760 

$6,279.30 

General  foundry: 

Surcharge  applied  on  di- 
rect labor  per  cent . . 

Expenditures 

.1. 

70 

$1  769  64 

Grand  totals: 

Output pounds.. 

Patterns 

198, 493 

110 

2,549 

$12,588.83 

227,608 

123 

4,. 504 

$11,285.15 

248,267 

109 

4, 138 

$11,337.92 

326, 080 

149 

5, 757 

$13,978.51 

316,451 

144 

4,901 

$12, 734. 30 

414, 161 

Castings 

108 

Expenditures.. 

5,340 

$15,406.76 
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Table  No.  6. — Abstract  of  expenditures,  viechanical  division,  for  the  operation  of  the 
foundry,  Balboa  shops — Continued. 


Metals. 

January. 

February. 

March. 

April. 

May. 

June. 

Total. 

Aluminum: 

50 
$0. 240 

146 
$0,425 

261 

Unit  cost 

Babbitt: 

361 

Unit  cost 

Brass: 

Pounds 

33, 502 

$0. 122 

4,327 
SO.  164 

74 
$0. 162 

17,374 
SO.  138 

2,907 
SO.  207 

SSO 
SO.  207 

12, 308 
SO.  169 

5,724 
$0,234 

8,491 
$0. 168 

6,062 
80.238 

1,660 
80.268 

15,009 
SO.  165 

3,314 
80. 242 

2,370 
80.236 

14, 692 

80. 178 

10,510 
80. 243 

922 
$0,235 

184, 121 

Bronze: 

Pounds 

44, 942 

Unit  cost 

Bronze,  phosphorous: 

10,706 

Bronze,  hard: 
Pounds 

3,292 

Unit  cost 

Bronze,  manganese: 

214 
80.251 

6, 287 
80. 254 

6,508 

Unit  cost     .          

Bronze,  special: 
Pounds 

603 

Bronze,  white: 

15 

$0. 579 

158 
$0. 215 

15 

Unit  cost 

Copper: 

• 

239 

Lead: 

Pounds 

1,319 

1,361 

SO.  085 
1,040 

Metal,  brazing: 

Pounds 

24 
$0. 114 

2,154 
80. 175 

28 

32 

SO.  205 

144 

SO.  207 

4,120 

Unit  cost 

80.  227           SO.  206 

Metal,  white,  low  grade: 
Pounds 

59 

Metal,  white,  high  grade: 
Pounds.. 

320 
80. 354 

1 
$0. 518 

320 

Unit  cost 

Tin: 

6 
80.527 

28 

Unit  cost 

Zinc: 

Pounds 

63 

Unit  cost 

Total,  brass  foundry: 

Output pounds.. 

Patterns 

37, 977 

9 

1,630 

$4,817.57 

23, 315 

25 

871 

$3,618.68 

20,397 

22 

1,187 

$3, 756.  S2 

17,095 

25 

1,101 

$3,595.56 

27,012 

29 

1,291 

$5, 455. 13 

26, 268 

34 

1,235 

$5,420.53 

256,999 
349 

Castings 

13, 283 

Expenditures 

$40,388.26 

Iron: 

Output pounds. . 

Unit  cost 

204, 461 

$0.  0227 

95 

2,645 

$4,647.41 

148,637 

SO.  0195 

27 

2, 619 

$3,266.37 

102,037 

$0. 0275 

43 

1,806 

$2, 805.  81 

164,299 

SO.  0218 

63 

4,014 

S3, 586.  74 

202, 195 

$0.0212 

54 

2,272 

84,289.51 

192,641 

SO.  0224 

50 

2,547 

$4,324.24 

2,101,908 

Patterns 

690 

Castings 

32, 104 

Expenditures 

$50,566.04 

Steel: 

Output pounds.. 

Unit  cost 

92, 205 

$0. 0596 

29 

722 

$5, 491.  23 

208, 253 

$0. 03S9 

42 

1,090 

$8, 628. 12 

189, 483 

$0. 0531 

53 

1,290 

$10,053.33 

190,053 

$0.0621 

32 

1,107 

$11, 796.  75 

157, 878 

$0. 0682 

27 

1,013 

$10, 765.  46 

126,266 

$0. 0794 

26 

870 

$10, 030. 00 

1,502,625 

Patterns 

389 

Castings 

11,112 

Expenditures 

$90,956.79 

General  foundry: 

Surcharge  applied  on 
direct    labor,    per 
cent 

60 
$1, 793. 20 

55 
$1,560.43 

40 
$1,752.86 

45 
$2,317.11 

50 
$2,014.17 

55 
$2,061.68 

Expenditures 

$13, 269. 09 

Grand  totals: 

Output pounds.. 

Patterns 

334,643 

133 

4, 997 

$16, 749.  41 

380,205 

94 

4,580 

$17,073.60 

311,917 

118 

4,283 

$18,368.82 

371,447 

120 

6,222 

$21, 296. 16 

387,085 

110 

4,576 

$22,524.27 

345,175 
110 

4,652 
$21,  836.  45 

3,861,5.32 
1,  428 

'  Castings 

56, 499 

Expenditures 

$195, 180. 18 
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Table  No.  7. — Expenditures   and  output  of  the  oxyacelylene  plant.     Balboa  shops, 

mechanical  division. 


Total  ex- 
penditures. 


Output  of 
oxygen. 


Output  of 
acetylene. 


l'J15 

July 

Aufnist 

September 

October 

November 

December 

1916 

January 

February • 

March . ." 

April 

May 

June 

Total 

Average  per  month  this  year 

Average  per  month  last  year 


SI,  819. 79 
1,8.56.05 
1,919.12 
2, 496. 06 
2,  478.  24 
3. 087. 33 


1,997.10 
3, 030. 62 

4, 187. 56 
5, 109.  21 
7, 027.  78 
8, 088. 93 


Cubic  feet. 
24,000 
27, 610 
26, 000 
34,  400 
38, 100 
39, 000 


19, 300 
38,000 
54, 000 
46, 500 
50. 900 
44,  700 


43, 097.  79 
3, 591.  48 
1,217.48 


Cubic  feet. 
15, 757 
22, 0')3 
24, 848 
2S,  29S 
27, 18.5 
22, 216 


19, 167 
25, 678 
30, 920 
36, 089 
45, 326 
27. 474 


443, 410 
36, 951 
12, 016 


325, 051 
27. 088 
23, 896 


Table  No.  8. — Number  of  repairs  to  locomotives  during  fiscal  year. 


Month. 


Running. 


Heavy. 


Total. 


1915 

July 

August 

September 

October 

November 

December 

1916, 

January 

February 

March 

April 

'May 

June 

Total 

Average  per  month  this  year 

Average  per  month  last  year 


1,105 
1,214 
1,168 
1,360 
1,454 
1,457 


1,427 
1,325 
1,351 
1,244 
1,315 
1,230 


15, 650 
1,304.17 
1, 138.  60 


28 
2.33 
3.16 


1,109 
1,215 
1,170 
1,364 
1,457 
1,459 


1,430 
1,327 
1,354 
1,246 
1,316 
1,2.31 


15, 678 
1,306.50 
1,141.80 


Table  No. 


9. — Repairs  made  during  fiscal  year  to  equipment  other  than  locomotives 
and  cars. 


Month. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year 


Cranes. 


254 
21.17 
24.67 


Track 
shifters. 


6 
0.5 
0.25 


Unload- 
ers. 


4 
0..33 
1.59 


Spread- 
ers. 


33 
2.75 
6.08 


Others. 


18 
1.5 
2.66 


Total. 


315 
26.25 
35.25 
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Table  No.  10. — Number  of  shop  and  field  repairs  made  to  different  classes  of  cars  during 

fiscal  year. 


Equipment. 


Number  of 

shop 

repairs. 


Number  of 

field 

repairs. 


Total. 


Lidgerwood  flat  cars 

Steel  dump  cars 

Labor  cars 

Steel  flats 

Miscellaneous 

Total 

Average  per  month  this  year 
Average  per  mouth  last  year. 


2,615 

3, 026 

461 

634 

2,618 


14, 302 

17,  797 

126 

4,664 

33,665 


9,354 

779 

1,170 


70, 554 
5,880 
5,723 


16,917 

20,823 

587 

5,298 

36,283 


79, 908 
6,659 
6,893 


Table  No.  11. — Amount  of  equipment  hostled  and  the  cost. 


Month. 


Host- 
lings. 


Direct 
labor. 


Surcharge. 


Material 
and 


Total 
cost. 


Average 
labor. 


Average 
total  cost 
per  host- 
ling. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

Mky 

June 

Total 

Average  per  month  this  year 
Average  per  month  last  year 


4,376 
4,603 
4,519 
4,485 
4,445 
4,603 


4, 637 
4,285 
4,507 
4.333 
4,101 
4,068 


$2,547.12 
2, 501.  85 
2, 592.  51 
2, 554. 02 
2, 578.  30 
2,  788.  56 


2, 851.  26 
2, 966.  92 
2, 995. 96 
2,  S2S.  22 
2, 386.  61 
2,241.03 


$1,421.22 
1,460.44 
1,521.88 
1,464.42 
1,  324.  48 
1,312.10 


1,449.78 
1,271.63 
1,212.46 
1,380.21 
1,382.77 
1,004.54 


$98. 16 
131.67 
323.  03 
159. 19 
331.04 
549.  60 


162.  79 
276. 16 
152.  39 
136. 12 
115.17 
99.70 


$4,066.50 
4, 093. 96 
4,437.42 
4,177.63 
4, 233.  82 
4, 650.  26 


4, 463.  83 
4,514.71 
4,  360.  78 
4,344.55 
3, 884.  55 
3, 345.  27 


SO.  58206 
. 54353 
. 57369 
. 56946 
.58004 
.  60581 


.61489 
.69239 
. 69431 
. 65271 
. 68195 
. 55089 


$0. 92927 
.  88941 
. 98194 
.93146 
. 95249 
1.01026 


. 96265 
1.05360 

. 96755 
1.  00266 

. 94722 

.  82234 


52, 962 
4,413.5 
4,954.0 


31, 832.  36 
2, 652.  70 
2, 663.  00 


16,  205. 93 
1,350.49 
1,710.76 


2, 534.  99 
211.25 

544.  58 


50, 573.  28 
4,214.44 
4,919.25 


.61991 
. 61991 
. 53763 


. 95490 
. 95490 
.  99290 


Table  No.  12. — Statement  of  mechanical  division  force  on  the  rolls  at  the  close  of  each 

month  during  the  year. 


1915 

1916 

i^ 

3 

3 

a 

o 

ft 

M 

B 

O 

1 

1 

3 

d 

ft 

GOLD. 

,560 

147 

119 

12 

1 

5 

41 

544 

143 

113 

12 

535 
143 
113 
11 

530 

143 

121 

11 

530 

1,55 

128 

11 

653 

155 

131 

11 

558 

157 

128 

11 

553 

156 

1,38 

11 

6.50 

1.5S 

1.50 

11 

573 

164 

1.50 

11 

671 

164 

160 

11 

682 

Dry-dock  shops 

185 

1(>2 

Cristobal  round  house 

11 

5 
44 

Miscellaneous 

48 

46 

41 

39 

41 

41 

63 

31 

36 

32 

Total  gold 

8S5 

1,000 

409 

280 

46 

5 

14 

127 

801 

979 

400 

277 

41 

850 

998 

374 

292 

35 

851 

990 

357 

292 

45 

865 

996 

348 

299 

44 

889 

1,007 

351 

316 

43 

895 

1,031 

368 

330 

43 

899 

1, 025 

351 

326 

41 

922 

1,0,38 

3(;3 

318 

41 

929 

1,019 

369 

324 

41 

942 

1,014 

382 

355 

41 

972 

SILVER. 

Balboa  shops 

1,081 

Dry-dockshops 

401 

371 

Cristobal  round  house 

41 

14 
153 

Miscrliarirous 

154 

156 

137 

143 

138 

150 

127 

111 

107 

109 

Total  silver 

1,881 

1,864 

1,853 

1,840 

1,824 

1,850 

1,910 

1,893 

1,8,S7 

1,864 

1, 899 

2,003 

Grand  total 

2,706 

2,725 

2,703 

2,691 

2,689 

2,749 

2,805 

2,792 

2,809 

2,793 

2,841 

2,975 
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Table  No.  13. ~ Con} pamtire  statement  of  changes  in  personnel  from,  month  to  month 
during  the  year,  mechanical  division. 


I'Jlo 

1916 

4.^ 

3 

§ 

1 

O 

t4 

a 
i 

0 

C3 
3 
C 

d 
3 

1 

1-5 

Requisitioned  from  the 
United  States 

12 

5 

1 

10 
20 
28 
27 

14 

12 

3 

10 
12 
28 
19 
26 

27 

1 

2 

4 

6 
14 
19 
11 
16 

21 

15 
5 
2 

7 
23 
22 

5 
15 

7 

20 

14 

24 

8 
7 
12 
7 
4 

10 

24 

25 

2 

13 
11 

9 
29 

5 

33 

4 

17 

4 

5 

8 

17 

45 

27 

35 

27 

3 

5 

9 
24 
23 
86 
50 

65 

8 

26 

4 

13 

20 

16 

130 

67 

86 

54 
17 

8 

7 
11 
25 
47 
66 

62 

70 

37 

10 

6 
13 
29 
69 

28 

68 

Reported  from  tlie  United 
States 

38 

Rereived^by  transfer  from 
otlier  divisions 

70 

Transferred  to  other  divi- 
sions   

4 

Employed  on  the  Isthmus! '. 

Termiriat  ions  of  service 

Entered  on  leave 

10 
17 
38 

Returned  from  leave 

On  leave  on  last  day  of  the 
month . 

75 
33 

49 
37 

1 

94 

Table  Xo.  U.— Statement  of  employees  requisitioned  from  the  United  States  during  the 

year,  mcchancal  division. 


1915 

1916 

>-> 

t-3 

3 
M 

3 

B 
ST 

M 

1 
o 

O 

B 
? 
o 

S 

c3 

3 

a 

3 

1 

Blacksmiths 

Boat  builders 

Boilermakers 

Bricklavers 

...... 

4 

3 

3 

""2 

4 

""s 

5 

Clerks \' "['.'.. [.'..]] 

Coppersmiths 

Draftsmen 

Electroplaters 

Machinists 

Molders _[_ 

"'ii' 

..... 

6 

"i' 

...... 

15 
""2 

'""i' 

""3" 
1 

""2 

'"'"i" 

""4 

i 

2 

12 
3 

8 
2 
1 

5 

8 

25 

4 

32 

4 

"'"is 

Operators  (oxyacetylene)... 
Pattern  makers 

Polishers  and  buffers 

Riggers 

..... 

6 

2 

Riveters 

Ship  fitters !. 

""'e' 

5 

""4 

4 
14 

8 

2 

Shipwrights 

4 

2 

3 

Tii'pewnter  repairmen 

2 

1 

A\  elders  (electric) 

1 

Foremen    (for    new     dry 
dock..... 

2 

Assistant  general  foreman 
(in  charge  of  boilermakers 
and  ship  fitters) 

1 

1 

1 

APPENDIX  G. 

REPORT    OF   THE    CHIEF  QUARTERMASTER,  SUPPLY    DEPART- 
MENT. 


Balboa  Heights,  Canal  Zone,  July  31,  1916. 
Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  opera- 
tions of  the  supply  department  for  the  fiscal  year  ending  June  30, 
1916. 

organization. 

Under  date  of  August  13,  1915,  all  the  storehouses  of  the  supply 
department  were  placed  under  the  management  of  the  general  store- 
keeper, Mr.  R.  K.  Morris  being  appointed  general  storekeeper. 

The  position  of  sales  a^ent  at  Mount  Hope  was  abolished  under 
date  of  July  24,  1915,  and  the  handling  of  the  sales  at  the  obsolete 
store  at  Mount  Hope  was  placed  in  charge  of  the  storekeeper  of  the 
supply  department. 

Effective  September  1,  1915,  the  oil  handhng  plants,  The  Panama 
Canal,  Mount  Hope,  and  Balboa,  were  transferred  to  the  supply  de- 
partment for  operation  and  placed  under  the  immediate  supervision 
of  the  general  storekeeper.  The  operating  organization  of  the  plants 
was  transferred  from  the  mechanical  division  to  the  supj)ly  depart- 
ment. 

PERSONNEL. 

The  following  are  some  of  the  changes  in  personnel  during  the  fiscal 
year: 

Mr.  Charles  H.  Mann  resigned  as  sales  agent  July  24,  1915. 

Mr.  E.  O.  Bratt  was  appointed  storekeeper  at  Mount  Hope,  July  24, 
1915,  and  resigned  August  5,  1915. 

Mr.  R.  B.  Groves  was  appointed  storekeeper  at  Mount  Hope,  August 
5,  1915. 

Mr.  R.  K.  Morris  was  appointed  general  storekeeper  August  13, 
1915. 

Mr.  H.  F.  Sedwick  resigned  as  district  quartermaster,  Paraiso- 
Pedro  Miguel  District  March  1,  1916,  and  Mr.  John  M.  King  was 
appointed  as  his  successor. 

Mr.  B.  C.  Poole,  quartermaster  at  Cristobal,  was  appointed  inspec- 
tor of  the  supply  department  vice  Mr.  C.  C.  McColley,  resigned,  effec- 
tive December  1,  1915. 

Mr.  J.  H.  Humphrey  was  appointed  district  quartermaster  at  Cris- 
tobal, effective  December  1,  1915. 
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LABOR. 

Construction  work  on  the  Pacific  and  Atlantic  terminals  and  the 
dredging  in  Gaillard  Cut  continued  through  the  greater  part  of  the 
year  without  any  marked  reduction  of  force,  with  the  exception  of 
the  Pacific  terminals  where,  in  May,  due  to  completion  of  the  dry 
docks,  the  force  was  reduced.  This  reduction,  together  with  other 
shght  reductions  made  on  other  finished  construction  work,  showed 
23,462  total  force  employed  as  of  June  30,  1916,  as  compared  with 
26,897  employed  on  June  30,  1915,  showing  a  net  reduction  of  3,435. 

The  largest  force  working  at  any  one  time  during  the  year  was  in 
July,  1915,  when  the  total  was  26,905. 

Labor  conditions  have  been  favorable  throughout  the  year  with  a 
surplus  in  all  grades.  It  was  again  found  advisable  to  continue  the 
repatriation  of  those  for  whom  it  was  impossible  to  find  employment, 
the  totals  repatriated  for  the  fiscal  year  being  as  follows: 


Nationality. 

Number. 

Cost. 

507 
885 
191 

78 

§18,916.45 

West  Indians                                                                       

8,865.05 

5,484.30 

653. 85 

Total 

1,601 

33, 919. 65 

A  great  many  of  the  West  Indians  did  not  avail  themselves  of  the 
ofi^er  of  repatriation,  so  that  at  the  close  of  the  fiscal  year  there  was 
still  a  surplus  of  colored  labor. 

The  quarantine  reports  for  the  year  show  a  net  decrease  of  arrivals 
over  departures  of  1,616. 

No  contract  laborers  were  recruited  during  the  year. 

QUARTERS. 

Corozal  was  the  last  town  to  be  abandoned  and  the  houses  occupied 
by  canal  employees  were  turned  over  to  the  Army,  effectivo  Decem- 
ber 1,  1915.  The  gold  employees  and  their  families,  together  with 
the  bachelors,  were  moved  to  the  Ancon-Balboa  district.  This  trans- 
fer resulted  in  a  congestion  in  the  gold  quarters  at  Ancon  and  Balboa. 
The  number  of  applications  on  file  for  family  quarters  at  Ancon  and 
Balboa  increased  to  379  as  of  June  30,  1916,  compared  with  274  as 
of  June  30,  1915. 

There  was  a  total  for  all  the  towns  of  642  applications  on  file  for 
family  quarters  as  of  June  30,  1915.  On  June  30,  1916,  there  was  a 
total  of  850.  One  hundred  and  fourteen  of  these  already  occupy  reg- 
ular or  nonhousekeeping  family  quarters  at  stations  other  than  those 
at  which  apphcations  are  filed. 

!  The  following  family  quarters  for  gold  employees  were  completed 
during  the  year.  All,  excej^t  one,  type  14,  frame,  four-family  house, 
were  erected  at  Ancon  and  Balboa.  The  frame  four-family  house 
was  built  at  Mount  Hope: 

■"  Fifteen  houses,  frame,  type  14,  lour-iamuy;  7  houses,  frame,  type 
4,  two-family;  12  houses,  frame,  type  17,  one-family;  2  houses,  con- 
crete, two-family;  10  houses,  concrete,  four-family;  1  house,  con- 
crete, special  bachelor;   1  house,  ^rame,  special  bachelor. 
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ZONE    SANITATION. 

The  collection  and  disposal  of  o;ar])age  and  niglit  soil  and  the  cut- 
ting of  grass  contmucd  under  the  su])ervision  of  this  department 
tliroughout  the  year,  except  at  Cristobal  and  Mount  Hope,  where 
it  continued  under  the  health  department.  Tlie  cost  of  work  done 
by  the  supply  department,  account  of  Zone  sanitation,  was  $47,550.52 
for  the  year  ending  June  30,  1915.  For  the  fiscal  year  endmg  June 
30,  1916,  it  was  $45,167.20. 

CORRALS- 

There  was  no  decrease  in  the  demand  for  wagon  transportation; 
all  animals  were  worked  to  their  full  capacity. 

Due  to  improved  road  conditions,  particularly  on  the  Pacific 
terminal,  motor  trucks  were  found  far  superior  to  animal-drawn 
wagons,  both  for  delivery  service  and  trucking.  There  are  now  in 
use  seven  3J-ton  trucks,  two  1-ton  trucks,  and  one  ambulance  at 
Ancon,  and  one  2^-ton  electric  truck  at  Cristobal  used  by  the  cold 
storage  plant.  These  trucks  took  the  place  of  teams  put  out  of 
service  by  the  death  of  mules. 

Animals  died  and  destroyed  during  the  year  ending  June  30,  1916, 
amounted  to  37;  animals  surveyed  and  sold  during  the  year,  3;  and 
animals  in  corrals  June  30,  1916,  horses  118,  mules  390,  ponies  11; 
total,  519. 

MATERIAL    AND    SUPPLIES. 

A  total  of  1,776  requisitions  were  prepared  and  forwarded  to  the 
general  purchasing  officer  as  compared  with  1,428  durmg  the  pre- 
cedmg  fiscal  year.  The  total  value  of  material  received  during  the 
fiscal  yeax-  was  $9,945,390.32,  as  compared  with  $8,018,418.03  for 
the  preceding  fiscal  year,  the  increase  being  largely  due  to  the  m- 
creased  prices  of  materials.  Tlie  local  purchases  amounted  to 
$1,569,812.15,  as  compared  with  $1,360,469.71. 

The  total  tonnage  of  material  received  was  404,569  short  tons, 
exclusive  of  lumber,  pilmg,  spud  timbers,  etc.,  as  compared  with 
211,000  tons  for  the  preceding  fiscal  year. 

Tlie  dredge  Cascadas,  contracted  for  in  January,  1915,  at  a  cost  of 
$376,180,  was  received  and  put  into  service.  There  were  also  re- 
ceived four  wooden  dump  scows,  at  a  price  of  $30,000  each,  two 
steel  dump  scows  at  a  price  of  $160,000  for  the  two,  and  the  tug 
Engineer  was  taken  over  from  the  engineer  department  at  large  at 
a  price  of  $40,000. 

Tliere  has  been  a  general  increase  in  the  price  of  many  of  the 
staple  articles  of  material,  especially  in  u*on  and  steel;  the  average 

Erice  of  steel  and  iron  on  hand  on  June  30,  1915,  was  $1.63  per 
undredweight,  as  compared    with    $2.17    per    hundredweight    on 
Jmie  30,  1916. 

During  the  year  The  Panama  Canal  has  had  a  contract  with  the 
Standard  Oil  Co.  for  delivery  of  fuel  oil  in  bulk  at  Balboa,  at 
a  price  of  92  cents  per  barrel,  and  a  price  of  $1.05  per  barrel  for  oil 
delivered  at  Cristobal. 
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OPERATION    OF    STORES. 

All  storehouse  operations  were  placed  under  the  supervision  of  a 
general  storekeeper,  and  Mr.  K.  K.  Morris  was  appointed  to  this 
position.  The  storehouse  organization  ot  June  30,  1916,  consisted 
of  the  general  storehouse  at  Balboa,  the  Paraiso  storehouse,  the 
obsolete  store  at  Mount  Hope,  and  the  dry  dock  store  at  Cristobal. 

On  June  30,  1916,  the  value  of  material  in  stock  was  $4,198,392.34, 
as  against  $2,925,332.91  on  June  30,  1915,  not  includmg  the  stock  of 
obsolete  and  retired  material  and  equipment  on  hand  at  the  Mount 
Hope  obsolete  store.  The  increase  m  the  value  of  the  stock  material 
on  hand  was  due  in  a  large  measure  to  mcrease  m  the  purchase  price 
of  a  large  number  of  items,  as  per  the  following  statement : 


Dry  dock 
store. 


Paraiso 
store. 


C.e.neral 
storehouse. 


Total. 


On  hand  June  30, 1915. 
On  hand  June  30, 1916. 


$268, 120.  .53 
356,221.92 


§523, 485. 05 
759, 047. 12 


?2, 133, 727. 33 
3, 083, 123. 30 


$2,925,332.91 
4,198,392.34 


Tlie  foUowmg  statement  shows  the  value  of  material  issued  from 
all  storehouses  durmg  the  year  and  the  oi3eration  cost  per  $100 
issues : 


Dry  dock 
store. 


Paraiso. 
store. 


General 
storehouse. 


Total. 


Issues 

Pay  roll 

Operation  cost  per  SlOO  issues 


§811,364.49 

22, 795. 84 

2.81 


SI,  022, 958. 39 

22,084.79 

2.15 


,194,241.19 

134,899.00 

1.87 


$9,02S,.564.07 

179, 779.  63 

1.99 


On  June  30,  1915,  there  was  in  stock  at  the  forage  shed  600,651 
pounds  of  hay,  173,023  pounds  of  oats,  and  40,779  pounds  of  straw, 
as  against  816,608  pounds  of  hay,  483,054  pounds  of  oats,  and  152,193 
pounds  of  straw  as  of  June  30,  1916;  the  increase  in  stock  due  to  the 
protection  of  the  requirements  for  the  Armj^  organizations,  which  had 
1,108  animals  on  hand  as  of  June  30,  1916. 

During  the  year  the  consumption  of  cement  amounted  to  567,024 
barrels. 

Inspection,  checking,  and  receiving  Panama  Canal  material  at 
Cristobal  and  Balboa  was  continued  during  the  year  under  the  super- 
vision of  the  general  storekeeper,  during  which  period  8,356  cars  and 
2,767,630  packages  and  pieces  were  handled  at  an  average  cost  of 
$1.97  per  car  and  $0.0059  per  piece  and  package. 

During  the  year  296,135  local  requisitions  and  foreman's  orders 
were  received  and  handled  by  the  storehouses,  as  follows:  General 
storehouse,  Balboa,  182,750; "Paraiso  storehouse,  54,424;  dry  dock 
storehouse,  58,961. 

Installation  of  a  2,000-gallon  capacity  gasoline  tank  near  the  oil 
house  at  Balboa,  connected  with  a  delivery  pump  on  Dock  No.  17, 
was  completed  September  15,  1915.  This  installation  was  made  in 
order  to  provide  for  prompt  and  economical  deliveries  of  gasoline  to 
launches.  During  the  year,  850  deliveries  were  made,  totaling  50,853 
gallons. 
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SCRAP. 

During  the  year  the  policy  of  concentrating  at  the  obsolete  store- 
house at  Mount  Hope  all  surplus,  obsolete,  and  scrap  material  and 
equipment  was  continued,  and  sales  of  this  class  of  material  continued 
to  be  made  under  authority  of  the  sundry  civil  bill  of  ^larch  3,  1915, 
and  the  Executive  order  of  May  12,  1915. 

The  following  statement  shows  American  scrap  operations  at  the 
obsolete  store  during  the  year: 

Net  tons. 

On  hand  June  30.  1915 27,  660 

Receh'ed  during  the  year 21,  249 

Total 48,  909 

Shipped  to  the  United  States 10, 156 

Issued  locally 5,  969 

16, 125 

On  hand  June  30,  1916 32,  784 

The  following  table  shows  the  status  of  French  scrap  operations 
during  the  year: 

Gross  tons. 

On  hand  June  30,  1915 27,  063.  75 

Applied  on  sales 283.  75 

On  hand  June  30,  1916 26,  780.  00 

The  statement  below  shows  receipts  and  issues  in  gross  tons  of  scrap 
rail,  scrap  rail  fittings,  and  relay  rail  during  the  year: 


On  hand  June  30,  1915 

Receipts  for  year 

Issued  during  year 

On  hand  June  30,  1916 


Scrap  rail. 


6,449.00 
5,968.67 


12,467.67 
7, 387. 00 


5, 080.  67 


Scrap 
fittings. 


326 
1,054 


1,380 
915 


Relay 
rail. 


120. 18 
465.00 


591. 18 

18.00 


573. 18 


Table  No.  14  shows  operations  in  scrap  metals,  rope,  leather,  and 
rubber  at  the  obsolete  store  during  the  fiscal  year. 

During  the  year  circular  No.  927,  listing  21,866  net  tons  of  miscella- 
neous scrap  and  6,000  gross  tons  of  scrap  rail,  and  circular  986,  listing 
15,010  net  tons  of  miscellaneous  scrap,  were  advertised  in  the  United 
States  and  bids  accepted  in  the  following  amounts: 

Circular  927. 

Federal  Iron  &  Steel  Co.,  Newark,  N.  J.,  9,210  net  tons  miscellaneous 
scrap $31,  767.  56 

The  David  Kaufman  &  Sons  Co.,  Elizabethport,  N.  J.,  6,000  gross  tons 
scrap  rail 48,  280.  00 

Circular  986. 

Federal  Iron  &  Steel  Co.,  13,310  net  tons  miscellaneous  scrap $78,  333.  98 

The  David  Kaufman  &  Sons  Co.,  890  net  tons  miscellaneous  scrap 4, 147.  20 

M.  Samuels  &  Sons  Co.,  New  York,  810  net  tons  miscellaneous  scrap 3,  926.  50 

Total 166,  455.  24 
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All  of  the  material  sold  under  circular  927  has  been  paid  for  in  full 
by  the  purchasers,  but  a  large  part  of  it  remains  on  the  Isthmus. 
About  890  tons  of  the  material  under  circular  986  has  been  paid  for, 
but  not  removed  from  the  Isthmus.  The  contractors  are  paying 
storage  on  all  the  material  sold  and  not  yet  removed  from  the  Isthmus. 

The  following  statement  shows  status  of  American  scrap  on  hand  at 
the  obsolete  store  as  of  June  30,  1916: 

Net  tons. 

Sold  and  due  on  circular  927 6,  475 

Sold  and  due  on  circular  986 14,  200 

Panama  Railroad  Company,  scrap  on  hand 1,  734.  56 

Panama  Canal,  scrap  on  hand 13,  843.  56 

Total  on  hand 36,  253. 12 

The  status  of  scrap  American  rail  and  track  material  on  hand  at  the 
obsolete  store  as  of  June  30,  1916,  was  as  follows: 

Gross  tons. 

Sold  and  due  on  circular  927 1,  080 

Panama  Railroad  Company,  scrap  on  hand 1,  410.  67 

Panama  Canal,  scrap  on  hand 2,  885.  67 

Total  on  hand 5,  376.  34 

The  status  of  French  scrap  on  hand  at  the  obsolete  store  at  the  end 
of  the  fiscal  year  was  as  follows: 

Gross  tons. 

Sold  and  due  on  circular  927 185.  871 

Sold  and  due  on  "  Rovetta  "  contract 25,  000 

Panama  Canal,  scrap  on  hand 1,  594. 129 

Total  on  hand 26,  780 


SALES. 


During  the  your  material  to  the  value  of  $220,116.40  was  sold  from 
storehouses  to  the  United  States  Ai-my  organizations  stationed  on  the 
Isthmus;  the  principal  items  sold  consisting  of  forage,  lumber,  build- 
ing material,  and  general  hardware. 

There  was  an  increase  in  value  of  supplies  sold  to  steamships  in 
transit  through  the  canal  and  those  touching  at  the  two  terminals. 
The  value  of  supplies  sold  to  steamships  was  $70,918.22,  representing 
miscellaneous  ship  supplies  sold  to  860  steamers. 

A  total  of  17,524  sales  of  all  classes  were  made,  total  value  of  which 
amounted  to  $436,079.80,  as  per  the  following  statement: 


General. 

Paraiso. 

Dry  dock. 

Total. 

Number  of  local  sales 

S,9S4 

6)5 

3,240 

1,929 

2,079 
215 
426 

12,992 

860 

Number  of  credit  sales 

6 

3,672 

Total 

12, S69 

1,935 

2,720 

17,524 

Value  local  sales 

$96,  .534.  31 
55,  .337.  79 

83,399.60 

$22. 515.  63 
15.  .5,S0.  43 
32, 637.  70 

$122,449.54 
70,918.22 

Value  credit  sales 

210,003.81 

70.53 

242, 712. 04 

Total 

361,875.91 

3, 470. 13 

70, 733.  76 

436,079.80 

REPORT  or  CHIEF  QUARTERMASTER,   SUPPLY  DEPARTMENT.      345 

During  tho  year  surplus  and  obsolete  material  with  an  appraised 
value  of  $222,735.24  was  forwarded  to  the  United  States  for  sale. 
Local  credit  and  cash  sales  of  obsolete  material  and  equipment 
amounted  to  $205,473.94,  and  obsolete  material  to  the  value  of 
$292,994.89  was  issued  and  transferred  from  the  obsolete  store  to 
divisions  of  The  Panama  Canal.  There  remained  on  hand  at  the 
obsolete  store  as  of  June  30,  1916,  surplus  and  obsolete  material  with 
an  appra^ised  value  of  $665,396.40. 


FUEL-OIL   PLANTS   AND    STORAGE. 

On  September  1,  1915,  the  operation  of  the  Balboa  and  Mount 
Hope  fuel-oil  plants  was  transferred  from  the  mechanical  division  to 
the  supply  department,  the  personnel  of  the  two  plants  being  trans- 
ferred to  the  organization  of  the  general  storekeeper  at  Balboa. 

Construction  of  a  trestle  1,200  feet  long  leading  from  the  shore  at 
the  Balboa  fuel-oil  plant  to  the  oil  crib  was  completed  February  14, 
1916,  at  which  time  a  new  12-inch  crude-oil  line  was  laid  on  the  trestlo 
from  the  plant  to  the  crib.  During  the  year  the  old  10-inch  crude- 
oil  line  and  the  6-inch  Diesel  line,  which  formerly  were  located  under 
Waaler,  were  taken  up  and  relaid  on  the  trestle. 

Installation  was  completed  during  the  year  of  two  10-inch  crude- 
oil  lines  from  Dock  No.  13,  Cristobal,  across  the  canal  to  the  new 
coaling  station  and  an  8-inch  line  with  14  outlets  was  laid  connecting 
into  the  10-inch  line  around  the  coaling  station,  making  it  possible 
to  handle  two  ships  at  the  same  time  at  the  coaling  station. 

During  the  year  erection  of  the  following  tanks  on  tank  farms  was 
completed : 

BALBOA. 


Number. 

Capacity 
each. 

Panama  Canal 

1 
2 
1 

Barrels. 
55  000 

Panama  ("anal  Storage  Corporation 

55  000 

AVest  India  Oil  Co 

25,000 

MOUNT  HOPE. 

Panama  Canal  Storage  Corporation 

2 
I 

Barrels. 
55,000 
55  000 

Iluesteca  Petroleum  Co 

Texas  Oil  Co 

55,000 

Erection  was  started  but  remained  uncompleted  June  30,  1916,  on 
one  65,000-barrel  capacity  fuel-oil  tank  at  Balboa  for  the  West  India 
Oil  Co.,  and  one  55,000-barrel  capacity  tank  for  The  Panama  Canal 
at  Mount  Hope. 

Table  No.  15  shows  the  fuel-oil  storage  facilities  on  the  tank 
farms  of  The  Panama  Canal  as  of  June  30,  1916. 

During  the  year  2,256,119  barrels  of  fuel  oil  w^ere  handled  through 
tho  Balboa  and  Mount  Hope  fuel-oil  plants,  as  per  Table  No.  16. 
63503°— 16 24 
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GASOLINE    STORAGE. 

Panama  Canal  gasoline  storage  tank  No.  31,  capacity  200,000 
gallons,  was  completed  December  9,  at  Balboa,  and  the  fii'st  cargo  of 
bulk  gasoline,  comprising  102,476  gallons,  was  received  February  18, 
1916.  An  additional  cargo  of  100,550  gallons  bulk  gasoline  was 
received  March  26,  1916,  and  delivered  to  tank  No.  31.  Installation 
of  the  "Martini  Hueneke"  system  for  protecting  gasoline  storage 
tank  No.  31  at  Balboa  against  accidental  ignition  of  its  contents  was 
completed  on  June  28,  1916.  This  system  provided  for  the  main- 
tenance of  a  blanket  of  inert  noninflammable  gas  in  the  tank  above 
the  surface  of  the  gasoline. 

Panama  Canal  gasoline  storage  tank  No.  27,  at  Mount  Hope, 
capacity  200,000  gallons,  was  completed  December  15,  1915.  Up  to 
the  end  of  the  fiscal  year  it  had  not  been  considered  necessary  to 
order  a  supply  of  bulk  gasoline  for  the  Atlantic  end. 

SUBSISTENCE. 

The  suppl}^  department  continued  the  operation  of  the  Washing- 
ton, Tivoli,  and  Aspinwall  Hotels  during  the  fiscal  year,  also  of  the 
line  restaurants  and  of  the  laborers'  messes.  The  Hotel  Washington 
is  owned  and  financially  supported  by  the  Panama  Railroad  Com- 
pany. All  of  the  remainder  are  entirely  supported  by  The  Panama 
Canal.  The  general  method  of  administration  was  the  same  as  that 
followed  during  the  past.  Capt.  F.  H.  Smith,  assistant  chief  quarter- 
master, has  been  in  dnect  charge  of  the  hotels. 

During  the  year  the  revenues  of  the  Tivoli  and  Washington  showed 
an  increase  over  1914-15  of  $33,310.26.  While  some  of  this  increase 
may  have  been  due  to  the  tourist  traffic,  it  is  believed  that  the  larger 
part  of  it  was  due  to  the  interest  of  American  business  men  in  Panama 
and  South  America,  and  from  present  indications  it  is  believed  that 
this  element  of  the  business  will  increase  and  that  there  will  be  a 
demand  on  the  hotel  facilities  in  the  future  for  the  accommodation 
of  the  representatives  of  American  business  enterprises. 

During  the  fiscal  j^ear  the  experiment  at  the  Hotel  AspinwaU  was 
continued,  the  attractions  and  accommodations  being  increased  and 
the  launch  service  being  improved  by  the  addition  of  a  50-passenger 
gasoline  launch,  the  Tahoga.  Due  to  other  attractions  and  to  the 
improved  living  conditions  on  the  Isthnms,  the  employees  availed 
themselves  so  little  of  the  opportunity  that  a  net  loss  of  $4,554.09 
was  suffered,  and  on  July  1,  1916,  the  Acting  Governor  apiwoved  a 
recommendation  that  the  hotel  be  closed  except  during  the  dry 
season. 

No  appreciable  change  was  made  in  the  forms  of  any  of  the 
restaurants  or  hotels,  except  that  at  Corozal,  where  the  community 
was  vacated  and  turned  over  to  the  Army,  the  hotel  was  aban- 
doned. 

The  net  revenue  for  the  year  from  restaurants  and  messes  was 
$661,017.90,  a  decrease  of  $87,221.15  from  last  year,  while  the  total 
cost  of  operations  was  $648,565.39,  a  decrease  of  $78,208.68,  making 
a  profit  of  $12,452.51,  a  decrease  of  $9,012.47  from  last  year.  Had 
the  charges  for  building  repairs,  fuel,  light,  etc.,  been  made,  a  net 
loss  of  $3,727.68  woidd  have  been  shown.     No  charge  for  equip- 
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mcnt  has  been  made,  this  charge  being  absorbed  by  allotments  of 
The  Panama  Canal. 

The  ratio  of  supplies  consumed  to  revenue  was  0.81  per  cent  less 
than  last  year.  Ihe  ratio  of  total  cost  of  operation  to  revenue  was 
0.98  per  cent  more  than  last  year,  making  the  percentage  of  profit 
to  revenue  0.98  per  cent  less  than  last  year.  The  net  expenses  for 
salaries  and  wages  was  $77,995.74,  a  decrease  of  $18,050.33,  making 
the  proportion  of  net  pay  roll  to  revenue  11.80  per  cent,  or  1.03  per 
cent  less  than  last  year. 

The  above  record  for  restaurants  and  messes  includes  the  Aspin- 
wall  Hotel  on  Taboga  Island. 

During  the  year  a  complete  plan  for  rebuilding  the  restauraiits 
was  drawn  up  and  appropriations  were  asked  for  from  Congress  to  carry 
out  the  scheme,  this  plan  to  substitute  concrete  and  tile  constructions 
with  so-called  sanitary  equipment  of  glass  and  metal  for  the  old 
frame  structures,  thus  enabling  the  hotels  even  in  the  Tropics  to  be 
kept  vermin  proof  and  thorouglily  sanitary.  These  restaurant 
buildings  will  be  completed  during  the  present  fiscal  year  and  will 
contribute  very  greatly  to  the  contentment  of  the  employees  re- 
quired to  eat  thereat.  The  cafeteria  system  has  so  completely  met 
the  conditions  on  the  Canal  Zone  that  it  will  be  extended  to  the 
Ancon  restaurant,  which  has  heretofore  been  maintained  solely  on 
the  a  la  carte  basis. 

The  Tivoli  Hotel  showed  a  net  profit  of  $24,929.85,  compared  with 
a  net  loss  of  $1,974.16  for  last  year.  Had  a  charge  been  made  for 
building  repairs,  a  net  profit  of  $17,007.51  would  have  been  shown. 


MOUNT   HOPE    PRINTING   PLANT. 

The  value  of  stock  on  hand  at  the  close  of  the  fiscal  year  was 
$53,407.02,  as  against  $45,198.38  for  the  preceding  fiscal  year. 

There  were  added  to  the  equipment  of  the  printing  plant  during 
the  year  five  Chandler  &  Price  platen  presses,  with  motors  for 
operating,  and  various  other  small  items,  to  a  total  value  of  $1,960.  30, 
and  unserviceable  items  to  tlie  value  of  $592.24  were  surveyed  and 
disposed  of,  so  that  the  total  value  of  equipment  on  hand  June  30, 
1916,  was  $37,897.57,  as  compared  with  $36,529.51. 

The  following  table  shows  the  principal  items  of  manufacture: 


Quantity. 
Forms 28,114,260 


Quantity. 

Scratch  pads 77,  261 

Sheets  ruled 72,  C30 

Tags,  assorted 1,001,600 


Books 149,  992 

Sheets  carbon 16,  700 

Time-tables 25, 475 

Cards,  guide,  etc 313,  394 

Stamps  and  daters 2,  789 

Cardboards 67, 100 

Sheets  paper 2,  208,  749 

Badges 144 

Desk  pads 125 

The  total  value  of  material  issued  was  $78,115.24,  as  compared 
with  $83,111.94  for  the  preceding  period.  The  total  value  of  mate- 
rial used  in  manufacture  was  $30,625.52,  as  compared  with  $37,053.09 
for  the  fiscal  year  ended  June  30,  1915. 


Canal  Records. 

554  649 

Binders 

2,  707 

Programs 

23, 5(l5 

Press  rollers 

Leather  covers. 
Monotype  sorts, 

pounds 

45 

1,  579 

714 
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OPERATIONS    OF    THE    COMMISSARY    BRANCH. 

A  grocery  and  cold-storage  commissary  was  opened  at  Fort  Ran- 
dolph, Canal  Zone,  on  May  22,  1916. 

A  silver  department  was  opened  in  coimection  with  the  Ancon 
commissary  on  July  10,  1915. 

Display  ice  boxes  have  been  installed  in  all  commissaries.  Fresh 
meats  are  now  cut  in  the  presence  of  customers,  and  all  cold-storage 
articles  are  sold  to  customers  in  the  manner  followed  by  markets  m 
the  United  States. 

The  Balboa  ice  and  refrigerating  plant  was  completed.  Ice  plant 
was  taken  over  by  the  commissary  branch  on  June  1,  1916,  and 
arrangements  are  being  made  to  have  aU  cold-storage  supplies  for 
dehvery  to  residents  in  the  Ancon-Balboa  district  put  up  in  this 
plant. 

The  abattoir  was  enlarged,  and  a  chicken-fattening  house  was 
constructed,  which  is  being  operated  in  connection  with  the  abattoir. 
A  total  of  7,762  cattle  were  killed,  3,843,377  pounds  of  dressed  beef 
being  turned  out,  the  total  value  of  output  being  $446,682.69. 

The  S.  S.  Caribbean  was  remodeled  and  put  in  commission  as  a 
cattle  transport  on  June  1,  1916,  and  brings  an  average  of  430  cattle 
per  week  from  Colombia. 

A  new  building  for  the  manufacture  of  ice  cream  and  storage  and 
handling  of  milk  and  butter  is  under  construction  at  Cristobal. 

The  report  of  the  financial  operations  of  the  commissary  branch 
and  plantations  wiU  be  included  in  the  report  of  the  auditor,  The 
Panama  Canal  and  local  auditor,  Panama  Railroad  Company,  and 
fm'ther  report  on  these  and  the  plantations  will  be  made  by  this 
department  in  the  annual  report  to  the  President  of  the  Panama 
Railroad  Company. 

Respectfully  submitted. 

W.  R.  Grove, 

Chief  Quartermaster. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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Table  No.  2. — Force  rejxyrt^  by  vwnths,  fiscal  year  1915-16,  including  contractors'  force. 


Year  and  month. 


The  Panama 

Panama  R.  R. 

Contractors' 

Canal. 

Co. 

forces. 

Gold. 

Silver. 

Gold. 

Silver. 

Gold. 

Silver. 

3,179 

17,975 

310 

4,019 

86 

300 

3,270 

IS, 038 

318 

3,212 

90 

234 

3,129 

17,160 

335 

2,112 

109 

230 

3,237 

16,513 

344 

4,771 

110 

233 

3, 254 

10,247 

362 

4,768 

110 

233 

3,289 

15, 703 

334 

3,783 

26 

118 

3,191 

15,413 

327 

4,379 

28 

155 

3,174 

16,544 

342 

4,565 

48 

121 

3,077 

16,965 

330 

4,354 

38 

105 

3,065 

10,034 

2S9 

4,016 

7 

97 

3,150 

15, 155 

342 

3,834 

113 

335 

3,063 

15,764 

329 

3,751 

85 

235 

Grand 
total. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 


25, 809 
25, 162 
23,075 
25, 208 
24,974 
23,253 


23,493 
24,794 
24,869 
23, 508 
22,929 
23,227 


Table  No.  3. — High  and  low  force  records,  December.  1906,  to  June  30,  1916,  by  fiscal 

years. 


The  Panama  Canal. 


Gold.     Silver.    Total 


Panama 
R.  R. 


Gold  and 
silver. 


Total 

Panama 

Canal  and 

Panama 

R.  R. 


1906. 
December 

1907. 

October 

January 

1908. 

April 

November 

1909. 

October 

January 

1910. 

March 

December 

1911. 

December 

June 

1912. 

January 

August 

1913. 

August 

December 

1914. 

January 

June 

1915. 

July 

February 

1916. 

July 

September 


3,881 


4,992 
4,033 


4,950 
4,161 


4,376 
4,295 


4,553 
4,705 


4,420 
4,292 


4,332 
4,122 


4,087 
3,744 


3,944 
3,790 


4,198 
3,088 


3,208 
3,120 


15,604 

20,836 
16,987 


21,168 
19, 803 


23,411 
20,583 


20,284 
24,383 


25,439 
21,795 


25,818 
24,860 


30,918 
23,209 


23,824 
21,499 


22,846 
17,023 


17,982 
17,  ICO 


25,828 
21,020 


26,118 
23,964 


27, 787 
24,878 


30, 837 
29,098 


29,859 
26,087 


30, 150 
28,982 


35,005 
26,953 


27,768 
25,289 


27,044 
20,111 


21,1'.>0 
20, 289 


4,416 


6,139 
4,796 


7,052 
5,803 


7,618 
6,393 


7,829 
6,044 


7,967 
6,603 


8,024 
5,855 


4,957 
5,195 


5, 502 
4,313 


5,314 
2, 978 


5,349 
2,447 


23,901 


31,967 
25, 816 


33, 170 
29,827 


35,495 
31,271 


38,676 
35,142 


37, 826 
32,690 


38,174 
34,837 


39,902 
32, 148 


33, 270 
29, 032 


32, 358 
23,089 


26,539 
22, 736 


Note. — Figures  do  not  include  contractors'  forces, 
force  ever  reported  was  44,733,  on  Mar.  20, 1913. 


If  taken  into  consideration,  the  greatest  working 
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Tabi-K  No.  4. — Occupants  of  Panama  Canal  and  Panama  Railroad  quarters  June  30, 

1916. 


(!oM. 

Europeans. 

West  Indians. 

Place. 

Men. 

Women. 

Chil- 
dren. 

Men. 

Women. 

Chil- 
dren. 

Men. 

Women. 

Chil- 
dren. 

Balboa  i 

937 

953 

29 

247 

320 

21 

38 

218 

955 

337 

420 

15 

121 

79 

13 

5 

175 

335 

314 

363 

6 

144 

90 

10 

12 

212 

410 

2  89 
6 

11 

19 

3  1,349 

247 

99 

6  387 
562 

7  380 
160 

1.027 
3  1,984 

486 

16 

18 

123 

115 

255 

33 

892 

258 

680 

Ancon 

3 

Corozal 

12 

Pedro  Miguel  * 

7 

46 
2 

153 

Paraiso 

5 
1 

15 
7 

159 

CulebraB 

300 
40 

Gamhoa 

Gatuii     

12 
72 

2 

3 

1  052 

Cristobal  8 

483 

Total 

3,718 

1,500 

1,561 

233 

19 

44 

6,195 

2,196 

2  892 

1  Includes  Taboga  Island,  Naos  Island,  and  Palo  Seco. 
s  Includes  17  Asiatics. 

3  Includes  18  American  Negroes,  30  Colombians  and  Panamanians,  and  2  Panamanians  on  the  gold  roll 

4  Includes  Miraflorasand  Red  Tank. 
6  Includes  43  Panamanians. 

6  Includes  Empire,  Las  Cascadas,  and  Bas  Obispo. 
'  Includes  14  Panamanians. 

8  Includes  Colon  Beach  and  Colon  Hospital. 

9  Includes  14  East  Indians,  15  colored  American  citizens,  and  412  Panamanians 

Table  No.  5. — Applications  for  married  quarters  on  file  June  30,  1916. 

Ancon 379  (52) 

Ancon  Hospital 4 

Paraiso 189  (15) 

Gatun 106  (11) 

Cristobal 172  (36) 

Total 850  (114) 

Note. — The  figures  In  parentlieses  show  the  number  of  applicants  already  occupying  regular  or  non- 
housekeeping  family  quarters  at  stations  other  than  those  at  which  applications  are  filed. 

Table  No.  6. — Animals  in  corrals  June  30,  1916. 


stations. 

American 
horses. 

Xative 
ponies. 

Mules. 

Police 
ponies. 

Private 
animals. 

Total. 

Ancon-Balboa 

24 
12 

9 

204 

33 

8 

25 

120 

10 
5 

27 
3 

274 

Paraiso 

53 
8 

Las  Cascadas  Farm 

Gatim 

3 
1 

28 

Cristobal 

16 

168 

205 

Total 

52 

77 

390 

19 

30 

568 

1 66  Commissary  ponies. 
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Table  No.  8. — Freight  statement,  fiscal  year  191.5-16. 


Number 

of 
steamers. 

General 
cargo. 

Lumber 
b.  f. 

Ties. 

Piling. 

Steamship  lines. 

T'iepes. 

Feef, 
b.  m. 

Total  weight. 

Panama  R.R.  Company 

66 
16 

107 

84 
16 
13 
11 

12 
21 

9 

7 

Pounds. 
1526,924.364 
1,028,556 

28, 926, 121 

2  35,058,181 

3  1,224,638 

12,504,885 

43,  780 

6  12, 124 

11,451,090 

194, 932, 395 

14,616 

269, 707 

Pounds. 
526,924,364 
1, 028, 556 

28,926,121 

36,570,481 

8,  448,  888 

2,851,010 

43, 780 

1,597,199 

11,451,090 

194,932,395 

14,616 

Tom. 
263, 462 

514 

United  Fruit  Co.,  New 
York 

86, 261 

6, 976, 797 
6,326,254 
4, 270, 557 

28, 658 
10,540,895 

50,083 

14,463 

18,285 

United  Fruit  Co.,  New 
Orleans •. 

3,171 
9,929 

228, 921 
469, 631 

852 
4,070 
...195 

Tramps— Atlantic 

Tramps— Pacific 

4,224 
1,425 

22 

New  York  &  Pacific 

893 

799 

5,725 

Standard  Oil  Co.  tanks 

97, 466 

Panama  R.  R.  colliers 

7 

Total 

362 

802, 120, 750 

28,549,212 

13, 100 

698,552 

6,010 

812,788,500 

406,392 

1  Includes  211,222,400  pounds  of  cement,  equal  to  528,056  barrels. 

2  Includes  weight  of  piling,  approximately  756  tons. 

3  Includes  weight  of  piling,  approximately  3,612  tons. 
*  Includes  weight  of  piling,  approximately  173  tons. 

s  Includes  weight  of  piling,  approximately  793  tons. 

Note. — .\bove  statement  includes  no  material  delivered  to  The  Panama  Canal  for  contractors  under 
awards  providing  for  their  handling  and  erection  thereof  on  the  Isthmus. 

Table  Xo.  9. — Important  items  of  material  purchased  from  inception  of  canal  icorJc, 

1904,  to  June  SO,  1916. 


Articles. 


Quantity. 


Yalue. 


Barges 

Boats,  tug 

Brick,  building,  fire,  and  jjaving. 

Cableways 

Cars 

Cement 

Compressors,  air 

Cranes 

Dredges 

Drills,  rock 

Drivers,  pile 

Explosives: 

Dynamite 

Other  blasting  supplies 

Forage  and  corral  supplies 


Furniture: 

Married  quarters. . . 
Bachelor  quarters. . 
Hospital  quarters.  - 
Laborers'  quarters. 


.  barrels - 


.pounds. 


4, 181 

7,  475, 849 

31 

113 

17 

725 

6 

60, 885, 989 


Live  stock: 
Horses. 
Mules.. 
Cows... 


Locomotives: 

Steam 

Electric  towing 

Lumber 

Material  for  loc;k3. . 
Piling 


.feet  b.  m. 


189 
40 
323,568,177 


.  pieces . 


$1, 926, 

910, 

447, 

367, 

4, 655, 

8,575, 

173, 

1, 172, 

3,185, 

288, 

53, 


810.00 
734.00 
745.39 
445.90 
355.79 
314.10 
ft31.87 
144.81 
300. 00 
376.59 
966. 00 


7, 352, 007. 26 

676,-368.55 

1, 203, 795. 07 


276, 430. 74 

147,596.65 

76,666.65 

208, 809. 00 


709,503.04 


39,712.50 
131,939.44 
15, 666. 02 


187,317.96 


1, 942, 502. 00 
513,680.00 

8,281,578.76 
14,487,954.65 
2,674,445.93 
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Table  No.  9. — Important  items  of  material  purchased  from  inception  of  canal  irorl, 
1904.  to  June  30,  i9i6— Continued. 


Articles. 


Plants: 

Gatun  hydroelectric  station  ])iiildiiig  and  equipment. 

Power  (3) 

Material  handling  (3) 

Rock  crusher  (4) 

Filtration  (5) 

Pumping  (3) 

Boiler  (2) 

Hydraulic  dredging  (1) 

Steel  foundry  (1) 


Quantity. 


Rails,  steel 

Roofing,  corrugated  iron . 

Screening,  wire 

Shovels,  steam 

Spreaders,  earth 

Ties,  cross  and  switch 

Unloaders 


63,232 


102 

26 

2,344,663 

29 


Value. 


S366, 
366, 
689, 
200, 
181, 
61, 
114, 
192, 
458, 


657.43 
523. 97 
358. 60 
164.68 
409.77 
513.73 
961.00 
868.00 
831.39 


2,632,288.57 


1,979,963.35 
618,499.34 
521,311.47 

1, 094, 879. 96 
139, 6S7. 00 

2,023,061.04 
158, 839. 00 


Table  No.  10. — Houses,   apartments,   and  occupants,   by  districts,   of  gold  and  silver 
quarters,  as  of  June  30,  1916. 


Districts. 


Ancon-Balboa: 

Houses  occupied 

Rooms  or  apartmenis 

Number  of  occupants 

Corozal: 

Houses  occupied 

Rooms  or  apartments 

Number  of  occupants 

Paraiso-Pedro  Miguel-Gamboa: 

Houses  occupied 

Rooms  or  apartments 

Number  of  occupants 

Gatun: 

Houses  occupied 

Rooms  or  apartmenis 

Number  of  occupants 

Cristobal: 

Houses  occupied 

Rooms  or  apartments 

Number  of  occupants 

Total: 

Houses  occupied 

R  ooms  or  apartments 

Number  of  occupants 


Gold. 


Family.  Bachelor. 


210 
622 
,950 


20 

126 
209 
672 

60 
170 
552 

119 
311 
,026 

520 
,319 
,220 


49 

649 

1,374 


12 
30 

26 
193 

428 

6 
30 
53 

27 
355 
674 

113 

1,239 
2,559 


Silver. 


Family.  Bachelor; 


56 

430 

1,640 

1 
1 
4 

148 

23 

1,696 

111 

891 
2,845 

66 

339 

1,003 

382 

1,684 
7,188 


31 

90 

1,144 

4 
4 

125 

529 

90 

1,083 

5 

IS 
136 

21 

21 

1,724 

590 

223 

4,212 


Total. 


Family.   Bachelor. 


266 
1,052 
3,590 

6 

8 
24 

274 

232 

2,368 

171 

1,061 
3,397 

185 

0.50 

2,029 

902 
3,003 
11,408 


80 

739 

2,518 

9 

16 

1^ 

555 

283 

1,511 

11 

48 
189 

48 

376 

2,398 

703 
1,462 
6,771 


Note. — The  above  table  includes  12  gold  families  living  in  l)0x  cars,  and  23  apartments,  housing  23  gold 
employees,  in  Culebra,  Empire,  Las  Cascadas,  and  Bas  Obispo. 
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Table  No.  U.— Operation  of  Hotel  Tivoli  July  J,  1915,  to  June  30,  1910. 


Month. 

Sujiplies 

con- 
sumed. 

Salaries 

and 
wages. 

Miscella- 
neous 
expenses. 

Total 

cost  of 

operation. 

Rcyenue. 

Profit. 

Loss. 

Meals 
seryed. 

1915. 
July 

$5, 492. 39 
5,517.00 
5,007.21 
6, 227. 88 
6,(>o4. 17 
6,652.90 

6,771.73 
9, 540.  82 
8,450.15 
6, 962.  86 
6,257.86 
4,779.77 

$3,004,41 
2,942.17 
2,906.16 
2, 902. 39 
2,925.96 
3,171.41 

3, 230. 78 
3,653.18 
3,430.91 
3,016.43 
2, 894.  69 
2, 569. 24 

$2, 129.  86 
2,331.94 
2, 657. 08 
2,072.07 
1,858.35 
2, 633.  68 

2,861.36 
2,861.62 
2,716.86 
2, 399. 54 
2,778.33 
2,407.11 

$10, 626.  66 
10,791.17 
10,570.45 
11,202.34 
10,838.48 
12,457.99 

12,863.87 
16,055.62 
14,603.92 
12,378.83 
11,930.88 
9,756.12 

$10,833.20 
10,784.95 
10,198.30 
14,591.25 
12,972.31 
15,098.15 

15,326.25 
24,070.00 
19,341.10 
15, 102. 70 
12, 203.  80 
8,478.17 

$206.54 

7,903 
8  809 

August 

86.22 
372. 15 

September 

8  077 

3,388.91 
2,133.83 

lo' 894 

November 

10,320 
11,037 

December 

2, 640. 16 

2, 462. 38 
8,020.38 
4,737.18 
2,723.87 
272. 92 

1916. 
January 

11,922 

February 

17, 599 

March 

14  166 

April 

11,214 

May 

9,368 

June 

i,  277. 95 

6, 165 

Total 

77,720.80 

36,647.73 

29,707.80 

144,076.33 

169,006.18 

26,586,17  :  !_  0.^1.32 

127  480 

Net,  $24,929.85 
Table  No.  12. — Summary  of  opei'ations  of  line  hotels  July  1,  1915,  to  June  30,  1916. 


Month. 


Supplies 
consumed. 


Salaries 

and 
wages. 


Miscella- 
neous 
expenses. 


Total 

cost  of 

operation. 


Revenue. 


Profit. 


Loss. 


July.... 

August 

September. 
October. .. 
November. 
December. 


1915. 


January . 
February. 

March 

April 

May 

June 


1916. 


$34, 577. 73 
37, 613. 56 
36, 477.  67 
36, 910. 22 
35,  .566. 48 

33. 297. 47 

33,951.05 
33, 309. 10 
35,221.39 
33, 763.  89 
33,889.15 

29. 965. 48 


{5,748.23 
6,044.60 

6. 164.  72 
5, 942. 54 
6,017.41 

5. 633. 92 

5,236.72 
5, 430. 99 

5. 035. 93 
5, 306. 92 

5. 165.  92 
4, 819.  69 


$2,958.93 
2, 822. 96 
2, 925.  63 
2,907.11 
3, 493. 87 
3, 787. 71 

4, 095. 51 
3,910.49 
4, 038. 01 
4, 203.  72 
4, 020. 35 
3, 831. 57 


$43, 284. 89 
46,481.12 
45,568.02 
45, 759. 87 
45,077.76 
42, 719. 10 

43, 283. 28 
42, 6-50. 58 
44, 295. 33 
43, 274. 53 
43, 075. 42 
38, 616.  74 


$43, 034. 60 
45, 594. 90 
44,871.04 
44, 544. 27 
42, 615.  81 
41, 624. 72 

43, 229. 06 
42, 612. 95 
45, 699. 77 
44,046.59 
42, 023. 00 
38, 826. 21 


$250. 29 

886. 22 

696. 98 

1,215.60 

2,401.95 

1,094.38 

54.22 
37.63 


1, 404. 44 
772. 06 


1,052.42 


209. 47 


Total. 


414,543.19 


66, 547. 59 


42, 995. 86 


524,086.64 


518,722.92 


2,385.97 


7, 749. 69 


Loss $5, 363. 72 

Charges  against  line  hotels  for  fuel,  light,  and  repairs  to  buildings,  etc 16, 180. 19 

21,543.91 
Profit  on  messes  (see  Table  No.  13) 17,816.23 

Net  loss  on  laborers'  messes  and  line  hotels  if  charges  for  fuel,  light,  and  repairs  to  liuildiiigs, 
etc.,  had  been  made 3, 727.  68 

Table  No.  13. — Summary  of  operations  laborers'  messes,  July  1,  1915,  to  June  SO,  1916. 


Month. 


Supplies 
consumed. 


Salaries 
and  wages. 


Miscella- 
neous 
expenses. 


Total  cost 
of  opera- 
lions. 


Revenue. 


Profit. 


Rations 
served. 


1915. 
July 

August 

September... 

Octoler 

November... 
December 

1916. 

January 

Feliruary 

March . .". 

April 

May 

June 

Total.. 


$10, 030. 55 

8,  468. 93 
7,  879.  44 

9,  486.  02 
9,0.52.05 
6, 977.  26 

8,611.64 
8, 393.  22 
9, 332.  29 
8, 825.  30 
9, 625.  66 
9,  480.  79 


$995.  46 
940.  51 
907.  64 
989. 32 
1, 006.  77 
892.  82 

931. 38 
^4.99 
923.98 
969. 14 
951.  48 
944.  71 


$532.  54 
462.  71 
476. 16 
361.  85 
776.  63 
749. 22 

624. 24 
625.  89 
591. 68 
519.  53 
578.  99 
667.  96 


$11, 558.  55 
9,  872. 15 
9,  263. 24 
10,  837. 19 
10,  835.  45 
8, 619.  30 


10, 167. 26 
10,014.10 
10, 847. 95 
10,313.97 
11, 156. 13 
10, 993.  46 


$12, 627.  79 
11,182.69 
10, 134.  74 
12,326.17 
11,952.24 
8,  894. 12 

12,121.01 
11,576.77 
13, 058.  24 
12, 267. 68 
12,  487. 55 
13, 665. 98 


$1,069.24 

1,310.54 

871.  .50 

1, 488. 98 

1, 116.  79 

274.  82 

1,953.75 
1,  .562. 67 
2, 210.  29 
1,953.71 
1,331.42 
2, 672.  52 


31,252 
27,932 
25, 337 
30, 815 

29,  880 
22, 235 

30, 343 
28,967 
28,  252 
27, 609 
27, 685 

30,  754 


106, 163. 15 


11, 448.  20 


6,  867.  40 


124,478.75  142,294.98 


17,  816.  23 


341,061 
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Table  No.  14. — Obsolete  storehouse  operations  in  scrap  metals,  rope,  leather,  and  rubber, 

fiscal  year  1915-16. 


Items. 


On  hand 
July  1,1915. 


Receipts, 
1915-16. 


Issued  and 

sold 

1915-16. 


Balance, 

June  30, 

1916. 


Brass: 

Weight . 

Value.. 
Copper: 

Weight. 

Value . . 
Lead: 

Weight . 

Value . . 
Zinc: 

Weight  - 

Value . . 
Rubber: 

Weight  - 

Value . . 
Hope: 

Weight . 

Value  - . 
Leather: 

Weight . 

Value . . 


11,833 
.W,  419. 96 

9,931 

$1,  787. 58 

36, 587 
SI,  646. 42 

1,778 
$213. 36 

44,519 
$445. 19 

226, 652 
$666. 30 

4,421 
$110. 53 


197, 780 
$23, 733. 60 

156, 933 
$8,247.94 

48, 080 
$2, 164. 06 

11,695 
$1,403.40 

89, 139 
$891. 39 

118,693 
S5, 793. 93 

5S8 
$14. 70 


173,532 
0,  823. 84 


103, 639 
$18, 655. 02 


56,068 
$2, 523. 06 


13, 473 
$1,616.76 


120,334 
?1, 203. 34 


128,  402 
S3, 210. 05 


3,939 

$98.  48 


36, 081 
$4,329.72 

63,  225 
$11,380.60 

28, 609 

$1, 287.  41 


13,324 
$133. 24 


16, 9  '3 

$123.  58 


1,070 
$2i;.  75 


Note.— 1"he  value  of  scrap  as  listed  al:  ove  is  figured  on  the  basis  of  upset  prices  established  on  the  Isthmus. 

Table  No.  15. — Fuel-oil  storage  facilities  on  the  tank  farms  of  The  Panama  Canal  as  of 

June  30,  1916. 

BALBOA. 


Number 
tanks. 


Capacity 

in  barrels, 

each. 


Total 

capacity 


The  Panama  Canal 

Do 

Do 

Panama  Canal  Storage  Corporation . 

Union  Oil  Co 

Panama  Agencies  Co 

West  India  Oil  Co 


42,000 
55,000 
5,000 
55,000 
35, 000 
25, 000 
25,000 


84,000 

55,000 

5,000 

110,000 

142,000 
25, 000 
25,000 


MOUNT  HOPE. 


The  Panama  Canal 

I'anama  Canal  Storage  Corporation. 

Huesteca  I'ctroleum  Co 

Texas  Oil  Co 


Total  storage  facilities . 


42,000 
65,000 
55,000 
55,000 


84,000 
110,000 
110,000 
110,000 


860, 000 


Table  No.  1G. — Fuel  oil  handled  hij  The  Panama  Canal,  fiscal  year  1915-16. 


Numl  er  of  barrels  received  by  The  Panama  Canal 

Number  of  barrels  used  by  The  Panama  Canal 

Number  of  barrels  pumped  for  individuals  and  companies ' 
Number  of  liarrels  sold  iiy  the  Panama  Canal 

Total  number  of  barrels  handled 

Total  number  of  sliips  handled 


Balboa. 


579, 389 
517,191 

800, 5X7 
48,427 


1,915,594 
262 


Moimt 
Hope. 


97, 108 

108, 746 

92, 578 

12,093 


310, 525 


Total. 


C76, 497 

625, 937 

893, 165 

60. 520 


2,256,119 
310 


1  Quantity  show-n  piniijied  for  individuals  and  companies  includes  amount  of  oil  pumped  into  storage 
tanks  and  amoimt  delivered  from  tanks. 


APPENDIX  H. 

REPORT  OF   THE  AUDITOR   IN   CHARGE   OF  THE  ACCOUNTING 

DEPARTMENT. 


Balboa  Heights,  Canal  Zone, 

September  1,  1916. 
Sir:    I  hare  the  honor  to  submit  the  following  report  of  the  trans- 
actions of  the  accounting  department  for  the  fiscal  year  ending  Juno 
30,  1916: 

organization. 

The  organization  of  the  department  has  continued  substantially 
unchanged  as  set  forth  in  the  annual  report  for  1915.  The  division  of 
auditing  and  accounting  is  under  the  immediate  direction  of  the 
auditor  and  the  division  of  disbursement  under  the  paymaster,  Mr. 
John  H.  McLean,  and  the  division  of  collections  under  the  collector, 
Mr.  T.  L.  Clear.  Judge  B.  F.  Harrah  has  resumed  charge  of  the 
office  of  the  department  in  the  United  States  after  completing  his 
temporary  assignment  as  special  counsel  and  examiner  of  claims  to 
investigate  the  claims  of  the  McClintic-MarshaU  Construction  Co. 
Mr.  Virgil  C.  Miller  has  continued  as  disbursing  clerk  in  the  Wash- 
ington office.  ^Ir.  Ad  Faure,  chief  accountant,  has  continued  in 
charge  of  the  accounting  bureau,  Mr.  Elwyn  Greene  of  the  auditing 
bureau,  Mr.  J.  H.  Helmer  of  the  claims  bureau,  Mr.  W.  H.  Kromer 
of  the  railroad  accounting  bureau,  and  Mr.  Herbert  Pearson  of  the 
bureau  of  traveling  inspection  of  the  auditor's  office. 

PAYMASTER. 

Disbursements  to  the  amount  of  $26,933,528.35  were  made  during 
the  3'car  by  the  paymaster.  Of  this  amount  the  sum  of  $8,694,110.12 
was  on  account  of  the  Panama  Raih-oad  Company.  The  sum  of 
$5,983,624. 10  was  paid  to  employees  on  the  gold  rolls  and  $5,821,753.09 
to  employees  on  the  silver  rolls  of  The  Panama  Canal,  while  the  sum 
of  $6,434,041.04  was  paid  on  miscellaneous  vouchers.  (See  Table 
No.  34.)  Collections  made  on  payrolls,  mainly  on  account  of  coupon 
books  and  meal  tickets,  amounted  to  $2,709,743.60.  Of  this  amount 
$2,556,093.08  were  disbursed  directly  by  the  paymaster  and  the 
balance,  $153,650.52,  was  transferred  to  the  collector's  accounts. 
The  Commercial  National  Bank,  Washington,  D.  C.  (Panama  branch), 
was  made  a  Government  depository  as  well  as  a  fiscal  agent.  A 
small  deposit  of  Government  funds  is  now  carried  in  this  bank. 
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COLLECTOR. 

The  collections  made  during  the  year  and  repaid  to  appropriations 
amounted  to  $7,220,622.65.  The  sum  of  $2,756,764.83  was  collected 
and  deposited  as  Miscellaneous  receipts.  Of  these  amounts  a  very 
small  proportion  was  received  by  the  disbursing  clerk  in  Washington 
and  not  by  the  collector.  Deposits  for  the  pa^'^ment  of  tolls  and  bills 
for  supplies  and  services  were  made  with  the  assistant  treasurers  of 
the  United  States  to  the  credit  of  the  collector  in  the  sum  of 
$2,146,755.14.  Similar  deposits  were  made  direct  with  the  collector 
on  the  Isthmus  in  the  sum  of  $3,386,117.92.  Of  the  total,  $5,532,- 
873.06,  the  sum  of  $541,014.95  was  refunded  upon  settlement  of 
accounts.  Money-order  funds  to  the  amount  of  $2,365,799.83  were 
transferred  to  the  Postmaster  General  of  the  United  States  in  payment 
of  money  orders  drawn  on  the  United  States.  Oth?r  disbursements 
of  miscellaneous  funds  to  the  amount  of  $200,683.03  were  made  by 
the  collector.     (See  Tables  34  to  36.) 

ACCOUNTING    TO    THE    TREASURY    FOR    COLLECTIONS. 

Under  the  provisions  of  section  3  of  the  sundry  civil  act  of  March 
3,  1915,  the  Comptroller  of  the  Treasury  has  detailed  employees,  one 
from  the  Office  of  the  Auditor  for  the  War  Department  and  the  other 
from  the  Office  of  the  Comptroller  of  the  Treasury,  to  make  the 
required  semiannual  examination  of  the  collection  accounts  on  the 
Isthmus.  At  the  present  time  employees  from  these  offices  are 
making  the  examinations  for  the  period  ending  June  30,  1916. 

CLAIMS  FOR  REFUND  OF  TOLLS. 

In  my  last  annual  report  I  mentioned  the  number  of  claims  that 
have  been  filed  for  refund  of  toUs,  due  to  the  ruling  of  the  Attorney 
General  that  the  tolls  collected  under  the  Panama  Canal  rules  for 
measurement  must  not  exceed  $1.25  per  ton,  as  determined  in  accord- 
ance with  United  States  statutes  relating  to  net  registered  tonnage. 
An  estimate  for  approximately  $300,000  was  submitted  to  Congress 
for  inclusion  in  the  sundry  civil  bill,  but  was  eliminated  by  that  body. 
It  is  recommended  that  the  authority  to  refund  these  tolls  be  requested 
in  connection  with  the  next  estimates  for  appropriations.  The  tolls 
on  vessels  transiting  the  canal  during  the  year  have  amounted  to 
$2,399,830.42.  The  United  States  net  registered  tonnage  of  these 
vessels  was  1,997,741  tons,  the  tonnage  under  Panama  Canal  rules 
2,479,762  tons.  The  collections  would  have  amounted  to  $2,790,- 
644.47  had  the  Panama  Canal  rules  only  been  applied,  a  loss  to  the 
canal  of  $390,714.05.  Vessels  under  foreign  registry  are  the  bene- 
ficiaries. See  Tables  67  and  67a,  containing  a  list  of  vessels  j^assin^ 
through  the  canal,  the  toUs  collected,  the  United  States  registered 
tonnage,  the  Panama  Canal  tonnage  and  the  amount  that  would 
have  been  collected  under  the  Panama  Canal  rules  of  measurement. 

CLAIMS  FOR  DAMAGES  TO  VESSELS  PASSING  THROUGH  THE  LOCKS. 

A  number  of  small  claims  for  damages  to  vessels  passing  through 
the  locks  have  been  made  in  accordance  with  the  provisions  of  section 
five  of  the  Panama  Canal  act;  also  a  few  claims  for  damages  arising 
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in  the  canal  and  harbors.  The  sum  of  $1,578.65  has  been  paid  in 
settlement  of  13  claims.  Up  to  the  present  time  it  has  been  possible 
to  adjust  and  settle  by  mutual  agreement  all  claims  of  this  character 
which  have  been  presented  mthout  recourse  to  the  courts,  as  author- 
ized by  the  Panama  Canal  act. 

EXAMINATION    OF    PAY    ROLLS. 

As  mentioned  in  several  previous  annual  reports,  the  work  of 
checking  pay  roUs  under  the  provisions  contained  in  the  legislative, 
executive,  and  judicial  appropriation  act,  approved  August  23,  1912, 
''That  disbui"sing  officers  shall  make  only  such  examination  of 
vouchers  as  may  be  necessary  to  ascertain  whether  tliey  represent 
legal  claims  agamst  the  United  States,"  has  continued  very  satis- 
factorily. 

CANAL    APPROPRIATIONS. 

Congress  has  appropriated  for  the  canal  and  the  fortification 
thereof  a  total  of  $415,985,149.02,  including  the  appropriations  made 
July  1,  1916.  Of  this  amomit  $19,224,873.30  were  for  fortifications; 
$1,000,000  to  cover  the  four  annual  payments  of  $250,000  each  to  the 
Republic  of  Panama  for  Canal  Zone  rights  and  $6,000  for  the  expense 
of  presenting  the  steam  launch  Louise  to  the  French  Government. 
The  sum  of  $7,050,000  was  appropriated  for  operation  and  main- 
tenance, sanitation,  and  civil  government  of  the  canal  and  the  Canal 
Zone  for  the  fiscal  year,  1917,  $6,440,000  for  the  fiscal  year  1916, 
while  $4,289,159  were  charged  against  the  operation  and  main- 
tenance of  the  canal  to  the  end  of  the  fiscal  year  1915. 

Of  the  amount  of  the  value  of  material  in  quartermaster's  store- 
houses June  30,  1915  ($3,284,244.35),  and  paid  for  out  of  construc- 
tion appropriations,  it  was  estimated  last  year  that  $2,225,000  would 
be  required  for  the  permanent  stock  of  material  and  supplies,  etc.,  for 
the  operation  and  mamtenance  of  the  canal.  It  is  evident  that  this 
was  too  low  an  estimate  and  that  it  would  have  been  entirely  proper 
to  have  used  the  sum  of  $3,000,000  for  this  purpose  and  to  have  de- 
ducted that  amount  from  the  charges  against  the  authorized  bond 
issue.  However,  it  has  been  determined  to  use  the  amount  as  first 
fixed  as  the  maximum  amount  to  be  charged  against  the  operation 
and  maintenance  of  the  canal  under  the  provisions  of  section  7  of  the 
sundry  civil  act  approved  August  1,  1914,  authorizing  the  consohda- 
tion  of  various  canal  appropriations  other  than  fortifications,  and 
accounting  for  the  balances  thereof  as  determined  by  the  Governor 
of  The  Panama  Canal. 

Deductmg  from  the  total  appropriations  the  amount  appropriated 
for  fortifications  ($19,224,873.30)  for  Panama  $1,000,000,  for  pre- 
senting the  launch  Louise  $6,000,  for  operation  and  maintenance 
$20,004,159,  including  tlie  amount  for  stock  of  material  and  supplies, 
leaves  $375,750,116.72  appropriated  for  the  construction  of  the  canal 
and  its  immediate  adjuncts.  Of  this  amount  $3,400,000  appropriated 
for  colliei-s,  $800,000  for  Dock  No.  6,  Cristobal,  and  $600,000  for  re- 
boilering  the  steamships  Ancon  and  Cristobal,  were  specifically  ex- 
empted by  law  as  a  charge  against  the  authorised  bond  issue,  so  that 
the  net  amount  chargeable  to  the  bond  issue  of  $375,200,900  is 
$370,950,116.72,   leaving   a  balance   of  $4,250,783.28   available  for 
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appropriation  within  the  Umit  of  cost  of  the  canal  and  the  authorized 
bond     issue. 

Miscellaneous  receipts  to  June  30,  1916,  amounted  to  $13,736,- 
665.95.  Deducting  the  amount  received  as  tolls  ($6,757,832.79) 
and  the  Canal  Zone  revenues  for  the  year  1916  ($146,689.02), 
gives  the  amount  repaid  as  the  cost  of  construction  $6,832,144.14. 
The  sum  of  $4,723,805.99  was  received  for  material  sold,  services 
rendered,  etc.  Deducting  the  amount  repaid  leaves  the  sum  of 
$364,117,972.58  as  the  amount  expended,  or  on  hand  for  immediate 
expenditure  for  projects  included  within  the  estimate  upon  which 
the  cost  of  the  canal  was  based.  The  ultimate  cost  of  the  canal 
will  be  further  reduced  by  receipts  from  the  sale  of  construction 
material  and  equipment  and  by  the  payments  to  be  made  by  the 
RepubUc  of  Panama  for  the  amount  expended  on  account  of  water- 
works, sewers,  and  pavements  in  the  cities  of  Panama  and  Colon. 
Tlie  cost  of  the  canal  as  a  commercial  venture  is  also  entitled  to  credit 
to  the  value  of  buildings  and  other  public  v/orks,  equipment,  and  plant 
transferred  to  the  Ai'my,  the  Alaskan  Engineering  Commission,  and 
the  State  Department,  without  any  actual  payment  therefor.  The 
estimated  value  of  items  transferred  is  $1,755,978.80.  (See  Tables 
Nos.  1  and  11.)  The  status  of  the  authorized  bond  issue  is  shown  in 
Table  No.  1.     The  general  balance  sheet  is  published  as  Table  No.  2. 

EXCHANGE    OF    PROPERTY    WITH    PANAMA     RAILROAD. 

Tiiere  are  two  items  of  loans  standing  against  the  Panama  Railroad 
Company,  one  a  loan  to  enable  the  company  to  reequip  its  line, 
$1,399,114.61,  the  other  to  enable  the  company  to  take  up  its  first- 
mortgage  bonds,  $1,848,217.50,  a  total  of  $3,247,332.1 1.  By  section 
2  of  act  of  Congress  of  March  4,  1911,  it  was  provided  that  the  com- 
pany should  not  make  any  further  payment  on  the  principal  or  in- 
terest on  the  notes  given  to  the  United  States  for  moneys  appropri- 
ated for  its  use.  As  a  result  the  company  has  been  enabled  to  con- 
struct docks  in  Cristobal  to  a  value  which  about  equals  the  amount  of 
the  loans.  Tliere  is  also  considerable  equipment  purchased  and  paid 
for  by  Tlie  Panama  Canal  which  is  required  in  connection  with  the 
operation  of  the  railroad.  The  steamships  Panama,  Colon,  Ancon, 
and  Cristobal  were  purchased  from  canal  appropriations  and  are 
operated  by  the  Panama  Railroad.  It  is  essential,  in  order  to  sim- 
plify the  transactions  between  the  two  interests,  that  an  exchange 
should  be  made.  A  provision  authorizing  this  was  included  in  the 
estimates  for  the  fiscal  year  1917,  but  same  did  not  become  a  law. 
It  is  recommended  that  a  similar  provision  be  inserted  in  the  esti- 
mates for  1918  and  that  every  effort  be  made  to  effect  the  exchange 
and  the  cancellation  of  the  loans.  The  railroad  would  own  all  equip- 
ment used  in  railroad  operations,  also  all  steamships  it  operates 
other  than  the  colliers,  and  the  United  States  would  own  directly  the 
dock  and  other  terminal  facilities  at  both  ends  of  the  canal,  and  all 
outstanding  accounts  would  be  settled. 

Under  the  agreement  with  the  Republic  of  Panama,  which  re- 
quires the  reimbursement  of  the  United  States  for  expenditures  con- 
nected with  the  construction,  operation,  and  maintenance  of  water- 
works, sewers,  and  pavements  in  the  cities  of  Colon  and  Panama,  the 
expenditures  to  June  30,  1916,  in  Panama  were  $1,995,920.84,  and  in 
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Colon  SI, 857,655.31,  a  total  of  $3,853,576.15,  including?  accrued 
interest  to  date  at  the  rate  of  2  per  cent  per  annum  on  the  capital 
cost  balances  and  on  the  proportionate  cost  of  waterworks  in  the 
Canal  Zone  used  for  suppljnig  water  to  the  two  cities,  based  upon  the 
quantity  of  water  consumed.  For  the  work  in  Panama  this  interest 
has  amounted  to  $211,967.58,  and  for  the  work  in  Colon  $168,121.16, 
and  for  the  proportionate  cost  of  waterworks  in  the  Canal  Zone 
$67,832.62,  a  total  of  $447,921.36.  Tliere  have  been  reimbursed  to 
the  United  States,  or  are  immediately  due,  $1,789,895.11,  leaving  a 
balance  of  $1,046,135.60  due  for  the  w^ork  in  Panama  and 
$1,017,545.44  for  the  work  in  Colon,  a  total  of  $2,063,681.04  payable 
in  installments  during  the  next  44  years.  Tlie  amount  which  is 
payable  immediately  under  the  agreement  is  $58,616.55,  and  is 
covered  by  bills  for  the  differences  between  the  current  charges  fop 
the  work  plus  the  quarterly  payments  required  and  the  amount  col- 
lected as  water  rentals. 

CONSTRUCTION    OF    CANAL. 

[table  no.  3.] 

During  the  fiscal  year  just  ended  there  were  classified  as  construc- 
tion of  canal  $8,844,125.26,  which  amount  included  $681,278.58  for 
overhead  expenses,  leaving  $8,162,846.68  directly  charged  by  divi- 
sions. Tlie  principal  items  comprised  in  this  charge  were: 
Dredging  in  canal  prism  at  the  Atlantic  entrance  $2,744.52,  20,746 
cubic  yards  being  removed  at  an  average  cost  of  $0.1323  per  cubic 
yard.  (See  Table  No.  25a.)  Colon  east  breakwater  $1,238,611.68, 
"the  principal  items  entering  into  this  expense  being:  Trestle  con- 
struction $88,821.54,  consisting  of  1,866  linear  feet  of  double  track 
trestle  at  an  average  cost  of  $47.6000  per  linear  foot;  trestle  recon- 
struction $101,223.83,  consisting  of  5,606  linear  feet  of  single  track 
trestle  at  an  average  cost  of  $18.0563  per  linear  foot;  dry  filling 
$427,661.70,  covering  the  quarrying  and  plowing  off  of  Lidgerwood 
cars  of  428,383  cubic  yards  of  Sosa  Hill  rock  at  an  average  cost  of 
$0.9983  per  cubic  yard;  hydraulic  filling  $165,330.54,  including 
$60,884.90  for  215,644  cubic  yards  of  spoil  placed  in  the  fill  for  trestle 
reconstruction  at  an  average  cost  of  $0.2823  per  cubic  yard;  and 
placing  concrete  blocks  $440,575.43,  being  115,432.5  cubic  yards  of 
olocks  manufactured  and  placed  at  an  average  cost  of  $3.8167  per 
cubic  yard.     For  further  detail  reference  is  made  to  Table  No.  17. 

Dredging  from  Gatun  to  Pedro  Miguel,  $104,738.79  includes 
264,850  cubic  yards  of  material  removed  at  an  average  cost  of 
$0.3470  per  cubic  yard.     (See  Table  No.  25b.) 

From  Pedro  Miguel  to  the  sea  there  were  expended  $116,520.57 
mainly  in  drilling  and  blasting.  In  this  section  18,602  cubic  yards 
of  material  were  removed  from  Miraflores  Lake  at  an  average  cost 
of  $0.2734  per  cubic  yard,  and  48,124  cubic  yards  between  Miraflores 
Locks  and  the  sea  at  an  average  cost  of  $0.2261  per  cubic  yard  (see 
Table  No.  25c),  this  high  cost  being  due  to  drilling  and  blasting  areas 
to  be  dredged  at  a  later  date.     (See  Table  No.  25d.) 

There  were  expended  for  aids  to  navigation  $43,828.20,  the  prin- 
cipal items  entering  into  this  expense  being:  Punta  Mala  light, 
$19,048.63;  Bona  Island  light,  $2,974.52;  Taboguilla  light,  $3,601.76; 
mooring  station  at  Paraiso,  $3,519.30;  and  observation  station  on 
63503°— 16 25 
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Sosa  Hill,  $5,214.56.  For  further  detail,  reference  is  made  to  Table 
No.  18. 

There  were  expended  for  the  power  producing  and  transmitting  sys- 
tem $122,666.96,  principally  for  the  removal  of  generating  units  from 
Gatun  to  Miraflores  and  for  the  extension  of  the  Miraflores  power 
house. 

In  continuing  the  construction  of  the  Atlantic  terminal  $1,551,- 
747.62  were  expended  for  the  Cristobal  coaling  plant,  the  principal 
items  entering  into  this  expense  being:  Preliminary  and  general 
work,  $51,297.45;  dredging,  $262,889.39,  covering  the  removal  of 
721,609  cubic  yards  of  material  at  an  average  cost  of  $0.3643  per 
cubic  yard;  caisson  construction  for  foundations,  $99,398.57;  floor, 
$129,957.98,  in  the  construction  of  which  10,634  cubic  yards  of  con- 
crete were  placed  at  an  average  cost  of  $4.7088  per  cubic  yard; 
superstructure,  including  the  stocking  and  reclaiming  bridges,  un- 
loader  and  reloader  towers,  and  the  conveyor  system,  $921,080.83; 
fender  system,  $26,483.27;  and  office  and  machine  shop,  $20,895.06. 

There  were  expended  $42,771.88  in  the  construction  of  the  fuel  oil 
plant  at  that  point,  the  principal  items  being:  Preliminary  work  in 
connection  with  tank  No.  9,  $2,244.42;  oil  pump  plant,  $4,677.61; 
pipe  lines,  $22,747.41;  and  gasohne  storage,  $12,630.48.  For  fur- 
ther detail  reference  is  made  to  Table  No.  19. 

At  the  Pacific  terminal  $3,062,379.61  were  expended  for  the  fol- 
lowing projects:  Preparatory  work,  $78,301.90.  Dredging  inner 
harbor,  $322,593.76,  involving  the  removal  of  1,839,594  cubic  yards 
of  material  by  dredges  at  an  average  cost  of  $0.1573  per  cubic  yard, 
and  the  pumping  of  726,230  cubic  yards  of  spoil  in  connection  with 
the  reclamation  of  land  at  an  average  cost  of  $0.0456  per  cubic  yard. 
Main  dry  dock,  $953,332.82,  the  principal  items  being:  Preliminary 
and  general  work,  $53,589.86;  preparing  foundations,  $11,781.38 
consisting  of  the  excavation  of  6,059  cubic  yards  of  material  at  an 
average  cost  of  $1.9444  per  cubic  vard;  mass  and  reinforced  concrete, 
$72,070.75  and  $137,316.80,  respectively,  consistmg  of  12,897  and 
17,757  cubic  yards,  respectivelv,  placed  at  an  average  cost  per  cubic 
yard  of  $5.5882,  and  $7.7331,  respectively;  granite,  $21,362.71;  erec- 
tion of  gates,  $114,383.23;  back  filling,  $44,729.76,  consisting  of  the 
placing  of  52,993  cubic  yards  of  material  at  an  average  cost  of  $0.8403 
per  cubic  yard ;  installation  of  miscellaneous  machinery,  piping  for  air, 
water,  and  sewerage,  and  electrical  and  general  ironwork,  $223,175.95; 
and  entrance  pier,  $126,696.60. 

Coaling  station,  $920,226.68,  the  principal  items  being:  Prelimi- 
nary and  general  work,  $10,910.66;  coal  handling  plant,  $504,290.35 — 
$365,275.45  of  which  represents  payments  to  contractors  and 
$37,555.09  the  placing  of  4,848  cubic  yards  of  concrete  at  an  average 
cost  of  $7.7465  per  cubic  yard;  sea  wall  and  unloader  wharf, 
$121,070.28— $25,617.61  of  which  covers  the  placing  of  4,835  cubic 
yards  of  mass  concrete  at  $5.2984  per  cubic  yard;  and  the  reloader 
wharf,  $224,562.36— $17,608.63  of  which  represents  preliminary 
and  general  work;  $84,608.79,  the  substructure  in  the  caisson  cylin- 
ders— of  which  5,982  cubic  yards  of  reinforced  concrete  wore  placed 
at  an  average  cost  of  $7.2854  per  cubic  yard,  or  a  total  cost  of 
$43,581.30. 
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Balboa  shops,  $232,418.97,  the  principal  items  being:  General 
work,  $79,047.61;  planing  mill,  $15,922.80;  main  office,  $33,011.58; 
compressor  plant  and  pump  house,  $101,201.73;  and  shop  tunnel, 
$9,682.92. 

Quay  walls  and  pier,  $448,219.52,  principally  for  the  continuation 
of  construction  of  Pier  No.  18. 

Fuel  oil  plant,  $58,068.42,  the  principal  items  being:  Tank  No.  5, 
$10,604.03;  tank  form,  $10,273.52;  pipe  lines,  $18,811.83;  and  gaso- 
line storage,  $11,409.38.  For  further  detail  reference  is  made  to 
Table  No.  20. 

For  permanent  townsites  there  were  expended  $278,011.34,  princi- 
pally in  the  construction  of  roads,  sewers,  and  water  lines  in  the  Ancon- 
Balboa  district.     For  further  details  reference  is  made  to  Table  No.  2 1 . 

For  permanent  buildings  there  were  expended  $1,019,089.82,  the 
principal  items  and  their  cost  being:  Gold  quarters,  $399,111.03,  in- 
cluding $151,794,58  for  four-family  concrete  houses;  $69,139.25  for 
concrete  bachelor  quarters;  and  $152,790.73  for  wooden  quarters; 
silver  wooden  quarters,  $42,330.37;  hospitals,  $346,454.58,  consist- 
mg  of  $165,653.88  for  Colon  hospital  and  $180,800.70  for  Ancon 
hospital;  Balboa  quarantine  station  and  landuig,  $15,914.04;  and 
Balboa  terminal  office  building,  $70,594.76.  For  further  detail 
reference  is  made  to  Table  No.  22. 

At  Mount  Hope  $22,089.62  were  expended  for  sanitary  filling. 

For  construction  of  roads,  not  included  in  townsites,  there  were 
expended  $76,877.03. 

There  were  charged  to  real  estate  for  depopulation  of  the  Canal 
Zone  $379,345.25,  being  awards  of  the  Joint  Land  Commission  and 
settlements  made  by  the  land  office. 

MANUFACTURING    PLANTS. 

During  the  fiscal  year  just  ended  579,148  cubic  yards  of  sand  and 
gravel  were  reclaimed  from  the  Chagres  River  at  an  average  cost  of 
$0.5179  per  cubic  yard.     (See  Table  No.  27.) 

The  Gatun  hydroelectric  plant  and  the  Miraflores  steam  electric 
power  plant  generated  34,186,761  kilowatt  hours  during  the  past 
fiscal  year  at  an  average  production  cost  of  $0.0049  per  k.  w.  hour. 
The  distributed  cost  was  $0.0077  per  k.  w.  hour.  Included  in  the 
above  cost  is  a  charge  for  depreciation  of  the  power  transmission 
system  of  $96,000,  or  $0.0028  per  k.  w.  hour.     (See  Table  No.  28.) 

The  Ancon-Balboa-Panama  waterworks  system  produced  2,357,- 
832,000  gallons  of  water  at  an  average  cost  of  $0.0587  per  thousand 
gallons.  Of  this  amount  936,999,000  were  used  in  the  city  of 
Panama.  The  Gatun  system  produced  251,797,000  gallons  of  water 
at  an  average  cost  of  $0.1792  per  thousand  gallons.  The  Colon- 
Cristobal  system  produced  1,428,020,000  gallons  at  an  average  cost 
of  $0.0639 "per  thousand  gallons.  Of  this  amount  674,064,000  gal- 
lons were  used  in  the  city  of  Colon.     (See  Tables  Nos.  29  to  31.) 
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OPERATION    AND    MAINTENANCE. 

[table  xo.  6.] 

During  the  fiscal  year  1916  there  were  expended  in  the  operation 
and  maintenance  oi  The  Panama  Canal  $6,999,750.15,  as  against 
$4,123,128.09  last  year.  Tlie  main  item  of  expense  was  $3,513,350.06 
for  dredging  12,430,209  cubic  yards  of  material  from  the  slides  in 
Gaillard  Cut  at  an  avei*age  cost  of  $0.2806  per  cubic  yard,  while 
last  year  there  were  expended  for  dredging  in  this  area  $1,633,030.06 
for  the  removal  of  4,710,566  cubic  yards  of  material  at  an  average  cost 
of  $0.3467  per  cubic  yard.     For  detailed  costs,  see  Table  No.  26b. 

The  expense  for  maintenance  of  machinery  and  equipment  at  the 
various  locks  shows  increase  over  last  year  of  $110,607.85,  due 
principally  to  painting  the  gates  and  valves  with  bitumastic  enamel, 
while  the  total  expense  of  operation  and  maintenance  of  the  locks 
shows  a  decrease  of  $13,876.21.  Charges  to  operation  and  main- 
tenance for  overhead  expenses  were  $2,449,590.82  this  year,  as 
against  $1,380,405.53  last  year,  this  increase  being  wholly  due  to 
a  different  method  in  allotting  overhead  expenses,  which  was  ex- 
plained in  the  annual  report  for  last  year. 

Tolls  collected  during  the  fiscal  year  1916  amounted  to  $2,399,- 
830.42,  as  against  $4,343,383.69  last  year,  the  decrease  being  due  to 
the  closing  of  the  canal  by  slides  from  September  18,  1915,  to  April 
15,  1916.  Business  operations  show  a  profit  this  year  of  $11,898.44 
(see  Table  No.  7),  as  against  a  loss  last  year  of  $56,400.78.  There  is 
a  deficit  in  the  operation  and  maintenance  of  the  canal  of  $4,588,- 
021.29  this  year,  as  against  a  profit  last  year  of  $220,255.60. 

OVERHEAD    EXPENSES. 

[table  no.  5.] 

Overhead  and  general  expenses  include  the  expenses  of  general 
administration,  civil  government,  health  department,  supply  de- 
partment, accounting  department,  etc.,  and  dui'ing  the  past  fiscal 
year  have  amounted  to  a  total  of  $4,549,099.62,  as  against  $4,389,- 
264.41  for  the  year  1915,  an  increase  of  $159,835.21.  Of  this  amount 
$1,015,000.13  were  charged  directly  to  other  interests  during  the 
year  1916,  as  against  $786,942.21  during  the  year  1915,  leaving  a 
net  amount  to  be  distributed  amongst  the  various  activities  of  the 
canal  of  $3,534,099.49  in  1916,  as  against  $3,602,322.20  in  1915. 

The  expenses  of  the  executive  office  were  $439,204.95  this  year, 
as  against  $521,916.88  last  year,  a  decrease  of  $82,711.93,  of  which 
$64,613.34  is  due  to  change  of  classification,  whereby  the  expenses  of 
the  office  of  the  engineer  of  maintenance  are  sho\vn  as  a  separate 
item  this  year.  The  expenses  for  civil  government  were  $545,271.10 
this  year,  as  against  $434,137.42  last  year,  an  increase  of  $111,133.68, 
which  is  wholly  due  to  payments  from  congressional  appropriations 
of  the  expense  for  schools,  magistrates  courts,  and  a  portion  of  the 
post-office  expenses,  which  were  formerly  paid  from  tlie  revenue  of 
the  Canal  Zone. 

The  gross  expenses  of  the  health  department  were  $942,310.44  this 
year,  as  against  $923,234.25  last  year,  practically  no  fluctuation  hav- 
ing occurred.     For  detailed  costs,  reference  is  made  to  Table  No.  24. 

The  expenses  of  the  supply  department  were  $1,007,950.52  this 
year,  as  against  $927,781.89  last  year,  an  increase  of  $80,168.63, 
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maiiilv  tUio  to  increase  in  the  expenses  for  operation  and  repairs  to 
ouarters,  $106,924.21,  partially  offset  by  the  decrease  in  expense  ot 
operation  of  storehouses,  $39,065.18.  Maintenance  and  care  of  the 
administration  buildmg  and  handling  freight  on  docks  show  a  small 

'  ^Tlietipenses  of  the  accounting  department,  including  the  Wash- 
ington oflice,  were  $468,967.81  this  year,  as  agamst  $452,464.24  last 
vear  The  services  rendered  the  Panama  Railroad  Company  this 
year'amomited  to  $136,118.24,  as  against  $90,053.02  last  year,  an 
mcrease  of  $46,065.22.  Deducting  these  amounts  from  the  gross 
expenses  of  the  department  shows  a  savmg  durmg  this  year,  as 
compared  with  last  year,  of  $29,561.65.  .  •  +•   „ 

There  is  a  decrease  in  the  expense  for  recruitmg  and  repatriating 
employees  of  $108,123.16,  and  in  compensation  paid  to  nijured 
employees,  $60,663.60.  ,  .         .         ....        .     __, 

The  expenses  of  the  municipal  engineering  division  increased 
$98  93"^  39  of  which  $46,456.31  is  due  to  mcreased  cost  ol  repairs 
to  roadways,  the  balance  being  in  the  operation  and  mamtenance 
of  waterworks  systems  in  the  Canal  Zone. 


CANAL   ZONE    ACCOUNTS. 


Effective  July  1,  1915,  the  revenues  derived  by  the  Canal  Zone 
Government  from  licenses  and  taxes,  court  fees  and  fines,  postal 
receipts,  etc.,  which  had  theretofore  been  appropriated  separately  lor 
the  support  of  the  Canal  Zone  Government,  have  been  deposited  m 
the  Treasury  of  the  United  States  and  credited  to  "Miscellaneous 
receipts  "     Canal  Zone  funds  were,  however,  credited  with  the  sum 
of  $6  224.27  on  account  of  collections  applicable  to  the  prior  fiscal 
year  'which  were  included  in  the  accounts  of  the  fiscal  year  1916. 
The  sum  of  $57,494.61  has  been  charged  against  the  balances  avail- 
able June  30,  1915,  on  accoimt  of  obligations  incurred  prior  thereto. 
The  balance  in  these  funds  on  June  30,  1916,  was  $9,061.83,  of  which 
the  sum  of  $2,771.60  was  derived  from  the  postal  service,     ilie  total 
revenues  of  the  Canal  Zone  made  available  for  e^P^^^.^^jtiire  from  the 
beo-inning  have  amounted  to  $2,877,996^7    of  which  $948,700.78 
were  derived  from  the  postal  service.     Disbursements  from  these 
funds  for  public  works  in  the  Canal  Zone  (roads,  trails  J^I^.^f,^^^^^'. 
sewers,  markets,  slaughterhouses,  etc.)  have  amounted  to  $929,206.89 
for  public  schools,  $763,731.61;  for  the  postal  service,  $903,475.2o, 
and  for  expenses  of  the  administrative  districts  and  other  misce  a- 
neous  purposes,  $272,501.39,  a  total  of  $2,868,915.14      The  miscella- 
neous Collections  in  the  Canal  Zone  for  the  last  fi^scal  year  amounted 
to  $146,689.02,  of  which  $96,907.56  were  postal  revenues    a  sight 
increase  over  the  sum  collected  during  the  prior  fiscal  year  $96,151.  /  7. 
The  cash  balances  of  Canal  Zone  and  miscellaneous  funds  m  the 
hands  of  the  collector  have  been  reduced  from  $792,795.57,  on  June 
30    1915,  to  $478,433.76.     Of  this  amount  $440,553.91  were  money 
order  and  $14,001  postal  saving  funds.     All  of  the  expenses  of  the 
Canal  Zone  were  paid  out  of  the  regular  appropriations  lor  civil 
government.     For  details,  see  Tables  Nos.  42  to  45. 

During  the  year  171,096  money  orders,  to  thevalueol  ^3,518,223.83, 
were  issued,  as  against  170,558  orders,  to  the  value  of  f  3,948,752  84 
issued  during  the  previous  fiscal  year.     During  the  10  years  th^^ 
the   money-order   offices   have   been    established   on   the   Isthmus, 
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money  orders  to  the  value  of  $44,050,969.16  hare  been  issued.  The 
sum  of  $32,516,465.51  has  been  paid  on  account  of  mone}^  orders 
drawn  on  the  United  States.     (See  Tables  Nos.  46  to  49.) 

CLUBHOUSE    ACCOLTNTS. 

The  revenues  derived  from  the  operation  of  the  various  clubhouses 
amounted  to  $144,067.85,  as  compared  with  $105,406.48  received 
during  the  prior  fiscal  year.  The  sum  of  $157,610.79  was  expended, 
of  which  $21,863.47  was  used  for  the  now  An  con  clubhouse,  while 
$9,371.54  was  tlie  cost  of  the  Balboa  yacht  club  building.  Of  this 
amount  $5,000  were  paid  by  the  Panama  Railroad  Company. 

Soda-fountain  receipts  amounted  to  $58,474.76;  receipts  from  the 
sale  of  candies  and  cigars  amounted  to  $32,898.84;  and  $10,173.22 
were  received  as  membership  fees.  The  receipts  from  clubhouse 
activities  have  exceeded  the  expenses  of  operation,  excluding  the 
salaries  of  the  secretaries  and  the  expenses  of  mamtaining  and 
cleanmg  the  buildings  which  were  paid  for  from  the  regular  appro- 
priations and  have  been  sufhcient  to  permit  the  construction  of  the 
two  buildings  referred  to.  In  addition,  the  cost  of  the  swimming 
pool  at  Balboa,  $11,491.93,  will  be  reimbursed  to  the  Panama 
Railroad  Company  in  installments  of  $200  per  month.  The  cash 
balance  in  clubhouse  funds  on  June  30,  1916,  amounted  to  $7,796.56. 
For  further  detail,  reference  is  made  to  Tables  Nos.  50  to  52. 

CLAIMS    FOR    INJURIES    AND    DEATHS. 

There  were  reported  during  the  fiscal  year,  2,349  accidental  injuries 
and  39  accidental  deaths  of  Panama  Canal  employees  as  having 
occurred  in  connection  with  their  work.  Of  the  injuries  reported, 
claims  in  741  cases  were  approved  and  35  were  disapproved.  In 
1,564  cases  there  was  no  allowance,  as  the  period  of  disability  was 
under  7  days.  Three  claims  were  disapproved  for  the  reason 
that  the  employee  was  not  directly  engaged  in  actual  work  at  the 
time  of  injury;  in  20  cases  the  disability  was  not  the  result  of  injury 
described;  in  4  cases  the  evidence  was  insufficient  to  establish  a 
claim;  in  7  cases  the  disability  commenced  more  than  6  months 
after  the  injury;  and  in  1  case  the  disability  began  after  the  em- 
ployee's separation  from  the  service. 

Fourteen  death  claims  were  approved,  6  were  disapproved,  while 
19  cases  were  pending  at  the  end  of  the  year.  Of  the  6  cases  dis- 
approved, 1  was  for  the  reason  that  death  was  not  caused  by  the 
injury  received  while  directly  engaged  in  actual  work;  in  4  cases 
there  were  no  dependents  entitled  to  compensation  under  the  order, 
while  in  1  case  tne  evidence  was  not  sufficient  to  establish  a  claim. 

The  sum  of  $32,341.85  was  allowed  on  account  of  injuries  to 
employees  of  The  Panama  Canal,  and  $33,321.07  on  account  of 
deaths  of  the  employees.  To  employees  of  the  Panama  Railroad 
the  sum  of  $9,056.66  was  allowed  for  injuries,  while  $3,330.24  was 
allowed  on  account  of  deaths. 

The  sums  of  $168  for  injury  and  $1,206  on  account  of  deaths  were 
allowed  under  the  act  of  May  30,  1908,  as  amended  March  4,  1911. 
One  claim  on  account  of  an  injury  was  allowed  under  the  Executive 
order  of  February  26,  1913,  in  the  sum  of  $5,418.91.  A  prior  payment 
had  been  madeon  this  claim,  which  made  the  total  allowance  $7,594.41. 
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In  order  to  givo  some  protoction  to  tlio  omploycos  of  contractors 
who  miglit  bo  injured  in  tlio  course  of  employment,  provisions  were 
inserted  in  various  contracts  entered  into  in  connection  with  the  con- 
stiuction  of  tlie  canal  for  allowing  such  employees  or  their  dependents 
compensation  under  the  regulations  applicable  to  Panama  Railroad 
and  Panama  Canal  employees.  Until  the  contractors  wore  able  to 
secure  insurance  to  cover  their  liability,  it  was  provided  that  The 
Panama  Canal  should  pay  ono-haK  of  the  injury  compensation 
alloM'ed  while  the  contractor  was  liable  for  the  balance.  In  the  later 
contracts  the  contractors  were  required  to  assmne  the  entire  liabihty. 

The  total  amount  paid  by  The  Panama  Canal  as  compensation  on 
account  of  injuries  and  deaths  of  employees  since  August  1,  1908, 
the  effective  date  of  the  act  of  May  30,  1908,  was  $]  ,338,653.69. 
Fu.rther  details  as  to  the  amounts  paid,  the  causes  of  accidents  and 
nature  of  injm'ies  received  will  be  found  in  Tables  Nos.  53  to  61. 

A  digest  of  decisions  under  the  Executive  order  of  March  20,  1914, 
has  been  prepared,  but  it  seems  not  necessary  to  pubhsh  it  in  view 
of  the  enactment  of  a  new  injury  compensation  law  apphcable  to  all 
Government  employees.  It  is  expected  that  this  law,  so  far  as  it 
concerns  Panama  Canal  and  Panama  Railroad  employees,  will  con- 
tinue to  be  administered  by  the  Governor  of  The  Panama  Canal. 

COUPON  BOOKS. 

During  the  year  a  new  form  of  coupon  book  for  use  in  the  hotels 
and  commissaries  was  substituted  for  the  book  having  coupons  with 
different  denominations.  This  change  was  largely  influenced  by  the 
misuse  of  coupons  brought  about  by  a  permission  which  had  been 
granted  for  their  acceptance  detached  from  the  covers  to  which  they 
belonged.  The  new  book  is  in  the  form  of  a  mileage  book  with  a 
value  of  5  cents  per  inch.  Since  the  substitution  of  tliis  new  book  the 
use  of  separate  hotel  books  has  been  eliminated.  Commissary 
coupon  books  to  the  value  of  $3,250,132.50  have  been  issued  during 
the  year  to  employees  for  pay  roll  deduction.  Commissary  and  hotel 
coupon  books  to  the  value  of  $1,615,903.80  have  been  sold  for  cash, 
making  a  total  of  $4,866,036.30. 

Meal  tickets  to  the  value  of  $126,397.87  were  issued  to  silver 
employees.  Coupon  sales  at  the  commissaries  amounted  to  $442,- 
485.71  for  December,  1915,  which,  with  one  exception,  is  the  largest 
month's  sales  snice  the  commissaries  were  estabhshed.  The  use  of 
coupons  in  strips  made  it  necessary  to  provide  a  new  method  of  veri- 
fication. After  considerable  experimenting,  machines  of  two  forms 
have  been  constructed  at  the  instrimient  repair  shop,  one  a  hand- 
operated  machine,  and  the  other  a  motor-operated  machine,  both  of 
which  accurately  measure  the  coupons  and  register  the  values  thereof. 
Fo'j  further  detail  reference  is  made  to  Tables  Nos.  39  to  41. 

INSPECTION    OF    ACCOUNTS. 

The  accounts  of  all  officials  and  employees  charged  with  the  col- 
lection, disbursement  or  custody  of  Panama  Canal,  Canal  Zone  and 
Panama  Railroad  funds,  or  with  funds  which  are  semipubUc,  have 
been  examined  at  frequent  and  irregidar  periods  as  contemplated  by 
the  regulations.  There  are  about  150  officials  whose  money  accounts 
are  subject  to  inspection,  besides  which  there  are  a  number  of  accounts 
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of  clerks  issuing  coupon  books,  moal  tickets  and  other  papers  having 
a  money  value  which  are  regularly  inspected. 

BONDS    OF    EMPLOYEES. 

The  schedide  bond  of  employees  of  the  canal  covering  those  bonded 
for  the  faithful  performance  of  their  duties  was  renewed  vrith  the 
Maryland  Casualty  Co.  at  the  rates  provided  for  the  preceding  year, 
namely,  65  cents  for  postal  clerks,  $1.25  for  postmasters,  and  $1.70 
for  other  employees.  The  similar  bond  covering  Panama  Railroad 
employees  was  transferred  from  the  Illinois  Surety  Co.  to  the  National 
Surety  Co.  when  the  former  company  ceased  to  transact  a  surety 
business. 

TIME    INSPECTION. 

The  inspection  of  time  books  and  methods  of  time  keeping  was 
continued  with  a  somewhat  reduced  force.  Nimierous  minor  errors 
were  discovered  in  the  keeping  of  time  as  well  as  several  cases  of 
"padded"  time  books.  The  loss  to  the  Government  on  account  of 
fraudulent  practices  is  not  behoved  to  be  large  due  to  the  use  of  this 
force.  In  several  cases  time  was  given  erroneously  for  the  purpose 
of  securing  commissary  books. 

STOREHOUSE    ACCOUNTS. 

The  value  of  materials  and  supplies  in  storehouses  nicreasod  from 
$3,284,244.35  July  1,  1915,  to  $4,428,593.29  July  1,  1916.  The  issues 
during  the  year  amoun.ted  to  $7,052,027.70.  The  sales  amounted  to 
$502,351.70,  while  the  transfers  between  stores  and  divisions  amounted 
to  $2,640,352.80.  The  stock  is  accoanted  for  under  about  50  classes. 
(See  Tables  Nos.  62  and  63.) 

To  facihtate  the  giving  of  credit  to  the  proper  stock  classification 
and  the  compilation  of  more  com2:)lete  and  accurate  data  of  the  pur- 
chases, sales,  and  issues  for  use  in  making  estimates,  a  Hollerith 
tabulating  machine,  using  punched  cards  sorted  mechanically  was 
installed.  Previous  to  its  use  in  connection  with  the  store  accounts 
the  machines  were  used  to  advantage  in  classifying  collections  and 
other  items.  The  results  have  been  satisfactory  and  haA^o  demo7i- 
strated  the  value  of  the  machines  in  the  work  on  the  Isthmus. 

COMMISSARY. 

Tlie  commissary  accounts  show  that  supplies  to  the  value  of 
$6,197,905.03  were  pm'chased  during  the  year  as  against  $5,089,080 
during  the  preceding  year.  These  purchases  include  cattle  to  the 
value  of  $313,974.67.  Supphes  costing,  dehvered  on  the  Isthmus, 
$4,917,846.53  were  sold  for  $7,356,619.57.  The  net  profits  for  the 
year  were  $160,995.50.  These  profits  were  used  in  improving  facili- 
ties and  in  preparing  to  care  for  the  cattle,  the  purchase  of  which  has 
been  authorized.  The  net  profits  for  the  preceding  year  were 
$71,234.34.  The  net  profits  were  less  than  3  per  cent  of  the  total 
sales  without  making  any  allowance  as  a  return  on  the  investment 
in  the  plant.  Sales  to  Tlie  Panama  Canal  amounted  to  $1,257,861.89; 
to  other  branches  of  the  United  States  Government,  $1,144,289.10 
as  compared  with  $651,869.52  for  the  preceding  year;  to  steamship 


REPORT   OF   AUDITOR.  3G9 

companies  $295,799.67  as  comparod  with  $150,228.70  for  tho  pro- 
coding  vcar.  Coupon  sales  also  show  an  increase.  On  the  total 
value  01  supplies  sold  the  average  surcharge  added  to  the  cost  dehv- 
ered  on  the  Isthmus  was  26.12  per  cent.  Supphes  to  tlie  value  of 
$4,944,836.79  were  pm-chasod  in  the  United  States;  $661,115.94  from 
foreign  comitries,  and  $591,952.30  on  the  Isthmus,  including  the  pur- 
chase of  cattle.  Commencing  the  fii*st  of  July,  1916,  the  cattle 
business  will  be  handled  under  accounts  separate  from  commissaries. 
(See  Tables  Nos.  64  and  65.) 

PANAMA    RAILROAD. 

Effective  July  1,  1915,  this  office  began  the  preparation  of  final 
statements  of  raih-oad  operations  on  the  Isthmus  independent  of  the 
New  York  office  of  the  company,  and  from  about  October  1  the 
fuial  settlement  of  accounts  for  operations  of  the  railroad  on  the 
Isthmus  has  been  made  here.  Analyses  were  made  of  the  various 
revenues  and  expenses  and  a  reclassification  of  the  operations  of  the 
company  on  the  Isthmus  prepared  so  as  to  show  more  clearly  the 
results  from  operations  as  soon  as  practicable  after  the  end  of  each 
month. 

Special  attention  has  been  given  to  the  accounts  for  terminal 
operations,  as  the  residts  of  the  preceding  year  showed  a  large  loss. 
The  accounts  this  year  show  a  small  surplus  of  revenue  above  expenses 
($64,095.29)  a  very  small  return  on  an  investment  of  nearly  two  and 
one-haK  miUion  dollars.  In  prior  years  the  operation  of  the  doclvs 
has  been  considered  a  part  of  raih'oad  operations.  By  restricting  the 
use  of  the  railroad  to  the  handhng  of  local  freight  only,  so  that  it 
would  not  in  any  way  compete  with  the  canal,  the  docks  became  a 
necessary  adjimct  of  the  canal  as  their  main  use  was  in  transferring 
cargo  between  vessels  transiting  the  canal  or  calling  at  the  terminal 
ports.  It  is  the  avowed  intention  to  fix  the  charges  made  on  the 
docks  for  wharfage,  transferring  cargo,  etc.,  at  such  rates  as  will  only 
insure  revenue  sufficient  to  cover  operating  expenses,  depreciation  of 
plant  and  a  very  small  return  on  the  investment.  A  separation  of 
the  operating  accounts  of  the  docks  from  the  accounts  of  the  raikoad 
was  therefore  considered   necessary. 

The  railroad  operating  revenues  exceeded  the  expenses  by  $843,025. 
Tliis  was  entirely  due  to  the  large  traffic  over  the  railroad  caused  by 
the  closure  of  the  canal.  Plantation,  hotel,  and  stable  operations 
show  small  losses.  The  results  from  motor  bus,  baggage  transfer, 
and  telegraph  and  telephone  operations  are  exceedingly  small  excesses 
of  revenues  above  expenses.  The  profit  on  the  sale  of  coal  was 
$261,996.14.  Detailed  statements  of  the  earnings,  operating  ex- 
penses, and  statistics  will  be  included  in  the  annual  report  of  that 
company. 

Respectfully, 

H.  A.  A.  Smith, 
Auditor,  The  Panama  Canal. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal.,  Balboa  Heights,  Canal  Zone. 
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Table  66.  Classified  expenditures  from  re,s,nilar  appropriations  for  civil  government 

and  from  Canal  Zone  funds  combined,  for  fiscal  year  and  from  beginning 

of  work. 
Table  67.  Statement  of  tolls  collected  under  present  regulations  compared  with 

amounts  collectible  under  Panama  Canal  measurements,  fiscal  year  1916. 
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Table  No.  1. — Status  of  authorized  bondissue. 

Authorized  bondissue $375,200,900.00 

Appropriations  bj-  Congress S394, 650, 149. 02 

Less  appropriations  for^ 

Fortifications 114, 689, 873. 30 

Presentation  of  launch  "Louise" 6,000.00 

Annual  payment  to  Reputilic  of  I'anama 1,000,000.00 

Maintenance,  operation,  sanitation,  and  civil  gov- 
ernment of  canal 6, 440, 000. 00 

22, 135, 873. 30 

Appropriated  for  canal  constraction 372, 514, 275. 72 

Paid  from  appropriation  for  constniction  but  exempted  by 
law  as  a  charge  against  authorized  bond  issue — 

Two  colliers 2,000,000.00 

Expended  for  operation  and  maiutenance  of  canal  to 

June  30, 1915 4,  289, 159. 00 

Stock  of  material  and  supplies  for  operation  and  main- 
tenance of  canal 2, 225, 000. 00 

— ■      8, 514, 159. 00 

— — ■    364,000,116.72 

Balance  available  for  appropriation  after  June  30, 1916,  within  limit  of  cost  of  canal 

and  authorized  bond  issue 11, 200, 783. 28 

Appropriated  for  constniction  by  sundry  civil  bill  for  fiscal  year  1917,  ap- 
proved July  1 ,  1916 59, 750, 000. 00 

Less  exemptions  for— 

Two  colliers $1, 100, 000. 00 

Dock  No.  6,  Cristobal 800, 000. 00 

Equipping  colliers  "Ulysses"  and  "Achilles" 250,000.00 

Covering  unprotected  surfaces  of  colliers 50,000.00 

Reboilering  steamships  "Ancon"  and  "Cristobal".         600,000.00 

■ 2, 800. 000. 00 

6,950,000.00 

Balance 4, 250, 783. 28 

Appraised  value  of  American  legation  building  in  the  City  of  Panama,  exempted  from 
charge  to  bond  issue,  act  July  1,  1916 22, 256. 00 

Balance  available  for  appropriation  within  limit  of  cost  of  canal  and  authorized  bond  issue.        4, 273, 039.  28 

Note. — Of  the  amount  authorized  for  constniction  under  the  authorized  bond  issue,  there  has  been 
collected  for  reimbursement  of  capital  cost  of  public  works  in  cities  of  Panama  and  Colon  $99,613.38,  and 
for  material  sold,  services  rendered,  etc.,  $4,723,805.99,  a  total  of  $4,823,419.37,  which  has  been  deposited 
as  miscellaneous  receipts  to  the  credit  of  the  general  fimd  of  the  United  States  Treasury. 
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Table  No.  2. — General  balance  sheet,  June  30,  1916. 


ASSETS. 

Construction  of  eanal(Table  No.  16).  S337, 203, 1G4. 07 

Equipment  and  tools  (Table  No.  8).      10, 710, 023.  81 

Material,  supplies,  and  equipment 
in  storehouses  (Table  No.  10) 5, 240, 46.5.  81 

Fortifications 13, 818, 028.  89 

Public  works  in  the  cities  of  Pan- 
ama and  Colon 2, 419, 845. 55 

Presentation  of  launch  Louise  to 
French  G  overnment 5, 840. 99 

Reequipment  loans  to  Panama 
Railroad  Company 1, 399, 114. 61 

First-mortgage  Dond  loan  to  Pan- 
ama Railroad  Company 1,848,217.50 

Maintenance  and  operation  of  canal 
(Table  No.  6) 11, 277, 010.  71 

Annual  payment  to  Panama  Re- 
public for  Zone  rights 1, 000, 000.  00 

Assets  transferred  to  other  depart- 
ments, United  States  Govern- 
ment (Table  No.  12) 1,276,395.12 

Panama  Canal  property  operated 
by  Panama  Railroad  "(Table  No. 
13) 1, 736, 644. 69 

Credit  to  miscellane- 
ous receipts, United 
States  funds  other 
than  tolls $6, 978, 833. 16 

Less  amounts  not 
credited   to   assets 

(Table  No.  4) 2,243,128.73 

4,735,704.43 

Work  in  progress  (Table  No.  9) 5S9, 443. 92 

Accounts  receivable 1, 436, 030.  88 

Appropriation  balances  subject  to 
requisitions  (Table  No.  3) 4,203,230.59 

Cash  in  hands  of  fiscal  officers 3,871,406.05 


Total 402, 770, 568. 22 


LIABILITIES. 

Appropriations  by  Congress  (Table 
No.  3) $394, 650, 149. 02 

Trust  funds 32, 678. 97 

Security  deposits 279, 943. 95 

Reserves  (Table  No.  15) 2, 330, 745. 96 

Assets  received  from  Canal  Zone 
Government  (Table  No.  11) 544,792.37 

Panama  Railroad  property  oper- 
ated by  Panama  Canal  (Table 
No.  14 ) 867, 382. 45 

Reimbursements,  account  public 
works  in  Panama  and  Colon  re- 
paid to  appropriations 396, 956.  06 

Accounts  payable 3.322,406.95 

Miscellaneous  r  e  - 
ceipts,  United 
States  funds 
(TableNo.4) S13,  736, 665.  95     ■ 

Less  deposited  in 
United         States 

Treasury 13,391,153.46 

345,512.49 


Total 402,770,568.22 


Table  Xo.  .3. — Statement  of  appropriations  hy  Congress. 
Canal  rights  from  French  company  (act  of  June  28,  1902) $40,  000,  000.  00 


Canal  Zone  rights  from  Rcpuljlic  of  Panama  (act  of  Apr.  28,  1904). 

Canal  connecting  Atlantic  and  Pacific  Oceans: 

Act  of  June  28,  1902 $10,  000,  000.  00 

Act  of  Dec.  21,  1905 11,  000,  000.  00 

Deficiency  for  fiscal  year  1906  (act  of  Feb.  27,  1906): 
Miscellaneous    material    purchases    in    United 

States 1,  000,  000.  00 

Miscellaneous  material  purcha^^es  on  Isthmus 400,  000.  00 

Payments  to  Panama  Railroad  Company 200,  000.  00 

Isthmus  pay  rolls 2, 100,  000.  00 

Salaries  and  serxdces  in  the  United  States 75,  000.  00 

New  equipment  purchases 1,  565,  786.  00 

Reequipment  of  Panama  Railroad 650,  000.  00 


10,  000,  000.  00 


21,  000,  000.  00 


5,  990,  786.  00 

Total  for  purchase  of  rights  and  for  lump-sum  appropriations 

common  to  all  departments 76,  990,  786.  00 

Expenses  in  the  United  States:  ===^== 

Salaries $1,  476,  056.  33 

Incidental  expenses 583, 179.  36 

Construction  and  engineering: 

Pay  of  ofiicers  and  employees 29,443,  212.  00 

Pay  of  skilled  and  unskilled  laborers 101,  809,  961.  00 

Miscellaneous  material  purchases,  etc 109,  881,  514.  24 

Incidental  expenses  on  Isthmus (J,  640,  250.  00 

Construction  and  equipment  (act  of  Mar.  3, 1915) .  10,  500,  000.  00 

Civil  administration: 


2,  059,  235.  09 


258,  274, 937. 24 


Pay  of  officers  and  employees 4,  507,  000.  00 

Pay  of  skilled  and  unskilled  laborers 191,  000.  00 

Material  and  expenses 1, 178,  200.  00 


5,  876,  200.  00 
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Sanitary  department: 

Pay  of  officers  and  employees $5,  391,  000.  00 

Pay  of  skilled  and  unskilled  laborers 3,  036,  968.  00 

Material  and  expenses 5,  6G2,  367. 15 

$14,  090, 335.  15 

Reeqiiipment  of  Panama  Railroad 4, 185, 000.  00 

Relocation  of  Panama  Railroad 7,  815,  000.  00 

Redemption  of  tirst -mortgage  bonds  of  Panama  Railroad  Company.  .       2,  298,  307.  50 

Sanitation  in  the  cities  of  Panama  and  Colon 800, 000.  00 

Survey  of  lands,  Canal  Zone 75, 000.  00 

Relief  of  Pembroke  B.  Banton  for  in jmies 10, 000.  00 

Total  for  fiscal  years  1907  to  1915,  inclusive 295, 484, 075.  58 

Total  for  canal  construction,  rights,  etc.,  to  June  30,  1915 372,  474,  861.  58 

Private  acts  for  relief: 

Elizabeth  G.  Martin,  June  17,  1910 $1,  200.  00 

Marcellus  Troxell,  Jan.  13,  1911 1,  500.  00 

W.  L.  Miles,  Feb.  13,  1911 1,704.18 

Chas.  A.  Caswell,  Mar.  2,  1911 1,056.00 

Heirs  of  Robert  S.  Gill,  July  3,  1912 2,  520.  00 

Douglas  B.  Thompson,  July  3,  1912 1, 500.  00 

Allesandra  Comba,  July  10,  1912 500.  00 

Peter  Wiggington,  Feb.  7,  1913 500.  00 

Raymond  R.  Ridenom-,  Feb.  7,  1913 500.  00 

Heirs  of  Chas.  E.  Stump,  Feb.  7,  1913 1, 500.  00 

Parents  of  Edward  Maher,  Feb.  18,  1913 1, 980.  00 

Oscar  F.  Lackey,  Feb.  18,  1913 1,500.00 

Pedro  Sanchez,  Feb.  18,  1913 2, 000.  00 

JohnH.  Cole,  Feb.  18,  1913 1,951.38 

Robert  Coggen,  Feb.  18,  1913 1, 500.  00 

AYife  of  William  Goodley,  July  17,  1914 1, 000.  00 

John  Burrows,  Feb.  27,  1915 1,  433.  33 

F.  W.  Theodore  Schroeter,  Mar.  3,  1915 1,  397.  66 

L.  V.  Thomas,  Mar.  3,  1915 1,  680.  00 

26,  922.  55 

Judgment  of  the  Court  of  Claims,  war: 

Act  of  Aug.  26,  1912 196.45 

Act  of  Mar.  4,  1913 900.  00 

Act  of  Jidy  29,  1914 905.  38 

Act  of  Feb.  28,  1916 1, 000.  00 

3,  001.  83 

Judgment,  United  States  court  (act  of  Apr.  6,  1914) 9,  489.  76 

Presenting  steam  laimcli  Eouise  to  French  Government  (act  of  Aug. 

25,  1914) 6,000.00 

Fortifications : 

AiTQament  of  fortifications $4,  672,  000.  00 

Army  quarters,  storehouses,  etc 1,  990,  000.  00 

Buildings  and  materials 57,  375.  00 

Causeway 150,  000.  00 

Electric  light  and  power  plants 209,  631.  00 

Field  fortifications  and  camps 394,  350.  00 

Fire  control 633,  301.  30 

Land  lor  military  piu-poses 50,  000.  00 

Maintenance  of  clearings  and  trails 66,  900.  00 

Maintenance  of  searchlight  and  electric  power 

equipment 7,  500.  00 

Preservation  and  repair  of  fortifications 15,  000.  00 

Reserve  equipment  for  fortifications 50,  000.  00 

Sanitary  clearing,  filling,  etc 210,  000.  00 

Seacoast  batteries 5,  365,  000.  00 

Searchlights  for  seacoast  fortifications 364,  666.  00 

Submarine  mines 116,  950.  00 

Submarine-mine  structures 275,  200.  00 

Siu-veys 62, 000.  00 

14,  689,  873.  30 
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Annual  pavment  to  Republic  of  Panama: 

ActofMar.  4,  1913 $250,000.00 

Actof  Apr.  6,  1914 250,000.00 

Act  of  Jan.  25,  1915 250, 000.  00 

Act  of  Feb.  28,  1916 250,000.00 

Maintenance  and  operation  of  the  canal : 

Maintenance  and  operation  (act  of  Mar.  3,  1915)       5,  200,  000.  00 

Sanitation,  Canal  Zone  (act  of  Mar.  3,  1915) 700,  000.  00 

CiAil  government,  Panama  Canal  Zone  (act  of 
Mar.  3,  1915) .  .  ^ 540,  000.  00 


$1, 000, 000. 00 


6,  440,  000.  00 


Total  appropriations  by  Congress  to  June  30,  1915 394,  650,  149.  02 

The  sundry  civil  bill  approved  July  1,  1916,  carries  the  following 
amounts  for  T'he  Panama  Canal : 

Maintenance  and  operation $5,  750,  000.  00 

Sanitation,  Canal  Zone 700,  000.  00 

CiAil  government,  Panama  Canal  and  Canal  Zone  600,  000.  00 

Construction  and  eqiu lament 9,  750.  000.  00 

16,  800,  000.  00 

Fortifications : 

Armament  of  fortifications 1,  720,  000.  00 

Army  quarters,  storehouses,  etc 2,  000,  000.  00 

Alterations,  maintenance,  and  repair,  sub- 
marine-mine material 2,  500.  00 

Alteration  and  maintenance  of  armament . . .  68,  000.  00 

Maintenance  of  clearings  and  trails 30,  000.  00 

Maintenance    of    searchlight    and    electric 

power  eqiupment 7,  500.  00 

Operation  of  fire-control  installations 5,  000.  00 

PreserAation  and  repair'  of  fortifications 15,  000.  00 

Seacoast  batteries 400, 000.  00 

Submarine  mines 240, 000.  00 

Submaiine  mine  structiu'es 47,  000.  00 

4,  535,  000.  00 

Total 21,  335, 000.  00 
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Table  No.  A.— Detail  of  miscellaneous  receipts,  United  States  funds. 


Receipts  iuvolviiif;  no  :ii>propnation  oxpenditures: 

Sulisidies  from  Puiuima  Railroad  Conipany Wi, 

Dividends  on  Pamuna  Railroad  stock ^^> 

Interest,  reequipment  lo;in ^^"' 

Interest,  first  mortgage  bond  loan ^^^> 

Miscellaneous  rentals - ^■^' 

Interest,  piiblio  works,  Panama  and  (  olon ^■i'> 

Interest,  Zone  water-supply  systems,  proportion o^ 

Interest  on  bank  balances ^ '  > 

Pay-car  averages 

Forfeitures 

Receipts  involving  appropriation  expenditures: 
Not  credited  to  assets- 
Capital  cost,  Panama  waterworks  and  sewers 

Capital  cost,  Panama  pavements 

Capital  cost,  Colon  waterworks  and  sewers 

Capital  cost.  Colon  pavements 

Toils °' 

Licenses  and  taxes 

Court  fees  and  lines 

Postal  receipts 

Miscellaneous,  Canal  Zone 


S75. 00 
945. 00 
799. 11 
395. 16 
(550. 08 
mi.  81 
832. 62 
387.  34 
493. 05 
28.00 


27, 043. 04 
23, 487.  84 
26,023.77 
23,058.73 
757, 832.  79 
14,194.06 
17,417.44 
97, 021.  86 
792. 82 


Amount. 


Credited  to  assets- 
Sale  of  property 

Sale  of  French  material  and  equipment 

Sale  of  Panama  Canal  building.  City  of  Panama. 

Sale  of  water • 

Mess  accounts ■ 

Hospital  receipts 

Quarantine  receipts 

Laundry  receipts 

Rental  of  lands  and  buildings 

Rentals,  miscellaneous 

Telegraph  and  telephone  receipts 

Hotels  and  messes 

Hotel  coupon  books 

Corral  receipts 

Labor  furnished  Panama  Railroad  Company . . . 

Other  labor  furnished 

Repaj-ment,  reequipment  loan 

Repa\Tuent,  first  mortgage  bond  loan 

Sale  of  Panama  Railroad  stock 

Miscellaneous 

Sale  of  constniction  material  and  equipment 

Profit  on  busuiess  operations 


850,500.11 

95,641.21 

80,000.00 

255. 43 

46, 879.  4S 

79,992.68 

24,900.53 

7, 382. 01 

41,427.24 

137, 822. 99 

3,547.35 

758,470.34 

32, 238.  28 

8,628.56 

180,336.97 

27, 449. 55 

,387,714.92 

300,000.00 

1,300.00 

93,  740.  47 

565,577.87 

11,  S98. 44 


Total. 


Miscellaneous  receipts  deposited  in  United  States  Treasury 

Cash  on  hand,  Jime  30,  1916,  collector 

Cash  on  hand,  June  30,  1916,  pajTnaster .-  -  -  •  - 

Amount  of  water  rentals,  Panama  and  Colon,  credited  to  miscellaneous  re- 
ceipts   .-  -  - :    -  ■  - 

Amount  of  water  rentals,  Panama  and  Colon,  deposited  as  miscellaneous  re- 
ceipts   

Profit  on  business  operations,  1916,  not  transferred  to  miscellaneous  receipts.. 
Unpaid  June  bill 


407, 129.  81 
367, 838.  44 


$2,014,a89.17 


6,986,872.35 


Total. 


4,756,939.12 


13, 736, 665. 95 


13,391,153.46 
203, 498. 10 
90, 814. 58 


39,291.37 

11, 898.  44 

10.00 


13, 736, 665. 95 
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Table  No.  5. — Statement  of  overhead  expenses,  fscal  year  1916. 


Fiscal  year- 


191G 


Civil  government: 
Civil  affairs — 

Administration. 

Posts , 

Customs 

Estates 


Total  civil  affairs. 


Pchools 

Fire  protection 

Police  and  prisons . . . 

District  court 

Magistrate  courts 

District  attorney 

Canal  Zone  marshal. 
Municipal  expenses . . 
Repairs  to  buildings . 


Total  civil  government 

Charged  to  other  interests. 


Amount  apportioned 

ncalth  department: 

Administration 

Medical  storehouse 

Ancon  hospital 

Colon  hospital 

Santo  Tomas  hospital 

Palo  Seco  leper  asylum 

Corozal  farm  and  insane  asylum 

Other  hospitals  and  dispensaries 

Quarantine  service 

Sanitation — 

Panama 

Colon 

Canal  Zone 

Street  cleaning  and  garbage  disposal- 
Panama  

Colon 

Canal  Zone 

Repairs  to  building.s 


Total  health  department . . 
Charged  to  other  interests. 


Amount  apportioned 

Supply  department: 

Maintenance  and  care  of  administration  building. 

Operation  of  storehouses 

Repairs  to  storeliouses 

Handling  freight  on  docks 

Operation  of  quarters 

Repairs  to  quarters 

Repairs  to  other  buildings 

Ancon  nursery 


Total 

Charged  to  other  interests . 

Amount  apport ioned 

Accounting  department: 

Accounting  oflice 

Paymaster's  ofhce 

Collector's  office 


Total 

Charged  to  other  interests . 


Amount  apportioned... 

Washington  ofTice: 

Assistant  auditor's  office. 
Disbursing  clerk's  office . . 

General  bureau 

Purchasing  expenses 


$?,411.91 

133, 708. 87 

19,787.98 

2, 417.  4.5 


S01.C2 
847.  SJ 
102. 50 
415.10 


158, 326.  21 


,  317. 05 


67, 218. 34 

69, 164. 71 

207,492.80 

16, 557.  36 

12,046.77 

0,978.74 

7,460.45 

25.72 


74, 
219, 

16, 


545, 271. 10 
32,843.89 

512,427.21 


332,4.53.00 
48, 858.  40 
11, 136.  23 
21,782.19 
74, 835. 82 
44, 646. 35 
61,957.47 

47,  .523.  73 
38, 409. 57 
180, 180. 92 

53, 224.  65 
27,301.51 


942,310.44 
390,000.71 


552, 303.  73 


434, 
26, 


10, 

4, 
404, 
42, 

11; 
"36, 

75, 
51, 

37 
28, 
113, 

51 
23, 
1 
14, 


5.53. 57 
615.46 
996. 37 

988.' ii 
996. 16 


137.  42 
307.01 

770.41 

504. 08 
2.57. 10 
894.90 
OOP.  35 
131.87 

766.' 59 
.529. 96 
975. 87 

,5.50. 63 
014. 87 
957. 76 

060.41 
675. 14 
034. 78 
867. 94 


923, 
351, 


2.34.25 
009.  .56 


25, 770.  39 

503.9.54.12 

1,460.86 

.5.8,921.93 

300, 006. 02 

104,  .500. 00 

2, 126. 94 

4,610.26 


1,007,9,50.52 
131,802.57 


334, 432. 65 
49, 329.  72 
35, 103. 03 


418,  865.  40 
136,118.24 


282, 747. 16 


39,460.14 
10,  842.  27 
66, 065.  29 
204, 638.  74 


20, 

541, 

3', 

■53, 

229, 

74, 

4, 


868. 11 
168. 19 
311.97 
4,59. 27 
909. 30 
212.  .51 
792.54 


r81.89 
,071.09 


316, 
.50, 
32, 


.710.80 

805.28 
720. 65 
508.66 


400, 
90, 


a34.59 
053. 02 


,981.57 


325.33 
104.. 32 
808. 60 
348.34 


Total 311, 006.  44 

Charged  to  other  interests 70.8. 08 

Amount  apportione<l * 1      310, 298. 36  I        330, 303.  41 


331,646.59 
1,283.18 
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Table  No.  5.— Statement  of  overhead  expenses,  fiscal  year  1910— Couihiued. 


Miscellaneous: 

Transportation  of  employees  on  Isthmus. 

Kecruiting  and  repatriating 

Telephones 

Compensation  to  injured  employees 

Land  oHice 

Special  attorney 

Adjustments 


Total 

Charged  to  other  interests. 

Amount  apportioned 


Fiscal  year — 


1916 


1915 


SI51, 
56, 
60, 
72, 
17, 
10, 


125. 00 
463.40 
000.00 
409.03 
656. 28 
276. 32 
133. 82 


36.8, 
27 


063.85 
932. 60 


Administration: 

Executive  office- 
Executive 

Misc-ellaneous  bureaus 

Correspondence  bureau 

Record  bureau 

I'ersormel  bureau 

Troperty  and  requisition  bureau . 

General  bureau 

Timekeeping  bureau 

Clubs  and  playgrounds 

Canal  Record 

Official  motor  cars 

Cables  and  radiograms 

Miscellaneous 


Total  executive  office 

Charged  to  other  interests. 


340, 131.25 


$133,542.15 

164,586.56 

.19,493.28 

133, 072. 63 

18,126.10 

9,206.03 

1, 943. 61 


519,970.36 
27,  3:32. 13 


492,638.23 


35, 173. 81 


425. 22 
514.36 
025. 49 
909.18 
958. 06 

325. 73 
291.36 
806.28 

779. 74 
348. 42 
647.30 


439,204.95 
96,  250. 14 


Amount  apportioned I      342, 954. 81 


Engineer  of  maintenance- 
Office  engineer 

Surveys -  ■  ■ 

Meteorology  and  hydrography. 


Total 

Charged  to  other  interests . 

Amount  apportioned 


Electrical  division: 

Lights— streets,  lodge  halls,  and  churches. 
Amount  apportioned 


11,  827. 05 
41, 753. 55 
28, 835.  73 


82,  416. 33 
18, 130. 14 


64,286.19 


114,388.83 
4,746.38 
58, 047. 33 
39, 565. 09 
21, 356. 75 
25,829.05 
34, 889. 85 

106,474.94 
41,566.95 
13, 585. 15 
21,671.52 
7,008.46 
32, 786. 53 


521,916.88 
76,  808. 68 


445, 108. 20 


5, 210. 39 
5,  210. 39 


309, 254. 58 


Municipal  engineering: 

Operation  and  maintenance  of  waterworks in  444  41 

Repairs  to  sewer  system i  J;")  ^T;- 1\ 

Repairs  to  roads 109,10L21 


Total 

Charged  to  other  interests. 

Amount  apportioned 


Grand  total— administration . . 
Charged  to  other  interests. 


Amount  apportioned. 


Total  overhead  expenses 

Charged  to  other  interests 


428,  800.  20 
181, 207. 76 


247, 592. 44 


3,061,518.08 
592, 149. 53 


2,469,368.55 


4,549,099.62 
1,015,000.13 


Total  amount  apportioned ,  3,534,099.49 


Distribution:        ,       .  ^               ,         ,                                                             '  2  449 

Operation  and  mamtenance  of  canal i  ■*;  i^.' 

Constmction  of  canal i  y?^' 

Fortifications ,  ^Vt'' 

Biisiness  operations '^,i'' 

Expenses  of  sales— construction,  material,  and  equipment |  iA 

I'ublic  works  in  cities  of  Panama  and  Colon 

Presentation  of  launch  Louise  to  French  Government ^^ 

Total - 3,534,099.49 


590.  82 
545.98 
108.83 
412. 63 
736.  70 
173.53 
531.00 


674.62 
674.62 


250,940.84 
16, 282. 07 
62,644.90 


329, 867.  81 
107, 017. 54 


222, 850. 27 


3,031,218.12 
409, 565. 64 


2,621,6,52.48 


4,389,264.41 
786, 942. 21 


3, 602, 322. 20 


1,371,905.93 

1, 632, 175. 71 

329, 905. 54 

267, 463. 86 


871.16 


3, 602, 322. 20 


1  In  addition  to  this  amount.  $15,732.60,  representing  expenses  of  land  office  and  special  attorney,  were 
charged  directly  to  "Canal  construction,  depopulation  of  Canal  Zone,  '  as  an  overhead  charge. 
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Table  No.  6. — Panama  Canal  operation  and  maintenance  to  June  30,  1916. 


Civil  government... 
Health  department. 
Administrat  ion 


OPERATION  AND  MAINTENANCE. 


Admeasurement  of  vessels 

Local  inspection 

Aids  to  navigation 

Pilotage 

Damages  to  vessels 

Maintenance  of  transportation  tracks 

Operation  of  locks 

Gatiin  Locks: 

Superin  t  endence 

Operat  ion 

Maintenance — 

Operating  machinery  and  equipment 

And  care  of  emergency  dams 

Gates 

Valves 

Towing-track  system 

Towing  locomotives,  lines,  and  hawsers. . 

Lighting  and  telephone  svstem 

Power  control  and  lighting  cables 

Structures 

Back  fiU 

Miscellaneous  supplies  and  expenses 

Gatun  spillway: 

Operation". 

Maintenance — 

Operating  machiney  and  equipment 

Gates  and  caissons 

Structures 

Gatun  Dam — maintenance 

Pedro  Miguel  Locks: 

Superintendence 

Operation 

Maintenance — 

Operating  machinery  and  equipment 

And  care  of  emergency  dams 

Gates 

Valves 

Towing-track  system 

Towing  locomotives,  lines,  and  hawsers. . 

Lighting  and  telephone  svstem 

Power  control  and  lighting  cables 

Structures 

Back  fill 

Miscellaneous  supplies  and  expenses 

Pedro  Miguel  Dam — maintenance 

Miraflores  Locks: 

Superintendence 

Operation 

Maintenance — 

Operating  machinery  and  equipment 

And  care  of  emergency  dams 

Gates 

Valves 

Towing-track  system 

Towing  locomotives,  lines,  and  hawsers. . . 

Lighting  and  telephone  system 

Power  control  and  light iiig  cal)les 

Stnicturcs \  .  . 

Backfill 

Miscellaneous  supplies  and  expenses 

Miraflores  Dam  and  spillway: 

Operation 

Maintenance — 

Operating  machinery  and  equipment 

Gates  and  caissons 

Structures 

Miraflores  west  dam — maintenance 

Dredging: 

Atlantic  entrance 

Gaillard  Cut 

Miraflores  Lake 

Pacific  entrance 

Maintenance — CJatun  Lake 

(Jatun-Mindi  levee  -mainton-.mco 

Colon  west  breakwater— maintenance 


Fiscal  year 
1914. 


$5, 940. 58 
10, 697. 69 
16, 839.  75 


740.  71 
752. 10 
812. 12 
263.42 


49, 625. 49 

2, 496. 60 

404. 18 


1, 779.  72 


1, 719. 67 
951.24 


19,444.89 

2, 449.  53 

407. 92 


114.86 


19,327.72 
1,824.31 
1,696.38 


86.54 


560.  75 
143. 52 
151.78 


16,570.44 


Fiscal  year 
1915. 


S229, 624. 06 
247, 352. 91 
903, 428. 56 


9, 926.  54 
3, 926. 98 
48,059.59 
61,513,50 
2,417.07 
37, 171. 63 


17,398.37 
101, 494. 91 

35, 430.  88 
12,478.11 

3,221.97 
785. 28 

6, 672.  71 
14, 804.  94 

2,  760. 35 

343.51 

25,  722. 17 

6, 382. 96 

2,  718. 52 

1, 128. 50 

1,237.70 

3, 663. 40 

6, 082. 60 

48, 458. 19 

14,921.07 
78,964.47 

23, 245.  85 

6,914.46 

1,941.63 

243. 22 

448.  54 

9, 808. 40 

2, 489. 34 

884. 00 

9, 584.  95 

15, 800. 96 

1,952.18 

42.00 

17,323.13 
102, 239. 26 

17, 163.  70 

7, 497. 89 

24, 550. 93 

10, 616.  75 

1,045.17 

7,711.81 

2,187.47 

135.  48 

11,. 591. 96 

12, 659. 01 

3, 324. 44 

096. 95 

5, 104.  84 

3,118.43 

755.  23 

377. 17 

125, 563. 30 

1,633,030.06 

2, 253. 44 

8, 628.  79 

14, 488.  51 

26,939.54 

134.54 


Fiscal  year 
1916. 


S513, 072. 82 

483, 707. 17 

1,452,810.83 


7, 905. 40 

4, 075. 36 

58, 848. 34 

41, 342. 29 

1,  736. 61 

25, 602.  63 


12,970.82 
80,991.61 

26, 653. 06 
7,  732. 63 

56, 380. 25 

20, 956. 09 
6,311.51 

18, 518.  56 
3,061.77 
459. 26 
6, 624. 49 
9, 506. 22 
2, 079. 37 

860. 06 

3. 157. 55 
1,888.50 

11,226.34 

20. 230. 04 

16, 369. 88 
49,356.32 

24, 075. 51 
9, 267.  78 
3, 575. 47 
6, 424. 59 

2. 228. 56 
11,869.82 

4, 828. 08 
12.58 
S,  710. 93 
7, 1.50.  09 
2,  770.  80 
91.59 

17,577.33 
67, 258. 16 

22, 492. 96 
7, 675. 36 

24. 985. 05 
26, 343. 99 

2, 960. 49 
10, 995.  76 

5. 520. 04 
615.  07 

9, 492. 12 

3. 541. 05 
3,243.11 

431.95 

1,  788.  97 
162. 98 
7.TO.  81 
347.72 

26, 478. 35 
3,513,350.06 


20, 187. 03 

20,372.17 

1,772.05 

41,328.32 


Total  to 
date. 


8748,637.46 

741,757.77 

2,373,079.14 


18. 572. 65 
8,  754. 44 

107,  720. 05 
103,119.21 

4, 153. 68 
62, 774. 26 

4, 274. 16 

30, 369. 19 
182, 486. 52 

111,709.43 
22,  707. 34 
60, 006. 40 
21,741.37 
14,763.94 
33, 323. 50 
5, 822. 12 
802. 77 

32. 346. 66 
15, 889. 18 

4, 797. 89 

1,988.56 

6,114.92 

6, 503. 14 

17,308.94 

69,003.33 

31,290.95 
128, 320. 79 

66, 766. 25 
18,631.77 
5, 925. 02 
6,667.81 
2, 894. 45 
21,678.22 
7,317.42 

896. 58 
18, 295. 88 
23,065.91 

4,  722. 98 

133. 59 

34, 900. 46 
169, 497. 42 

58, 984. 38 
16,997.56 
51,232.36 
36, 960. 74 

4,092.20 
18,707.57 

7, 707. 51 

750.55 

21,084.08 

16,200.06 

6. 567. 55 

1,128.90 

7. 454. 56 
3,424.93 
1, 657. 82 

724.89 

1,52,041.65 
5, 146, 380. 12 
2, 2,53. 44 
28, 816. 42 
51,431.12 
28,711.59 
41.462.86 
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Table  No.  6. — Panama  Canal  operation  and  tnainUnance  to  June  JO,  lOlG — Continued. 


Fiscal  year 
1914. 

Fiscal  year 
1915. 

Fiscal  year 
1916. 

Total  to 
date. 

OPERATION  AND  MAINTENANCE — Continued. 
Naos  Island  breakwater— maintenance 

$4,492.21 
2,491.77 

$58. 45 
42, 720. 58 
101,858.04 

S4, 550. 66 
45, 212. 35 

101,858.04 

19, 158. 55 
56, 400. 78 

19, 158.  55 

$5, 422. 39 

61, 823. 17 

Total                                            

166,030.91 

4,123,128.09 

6,999,750.15 

11,288,909.15 

Kevenues: 

Tolls 

14,618.68 

4,343,383.69 

2,399,830.42 

11,898.44 

6,757,832.79 

11,898.44 

14,618.68 
151,412.23 

4,343,383.69 

2,411,728.86 
4,588,021.29 

6,769,731.23 

4,519,177.92 

220, 255. 60 

i 

Table  Xo.  7. — Statement  of  profit  and  loss  on  business  operations  for  fiscal  year  ending 

June  30,  1916. 


DEPARTMENT  OF  OPERATION  AND  MAINTENANCE. 


Construction  and  repairs 

Shopwork 

Electric  work 

Electric  current 

Compressed  air 

Train  service  and  use  of  roUing  equipment. 

Tug  service 

Service  of  other  floating  equipment 

Pilotage 

"Wharfage 

Sales  of  water 

Panama  waterworks 

Panama  pavements 

Colon  waterworks 

Colon  pavements 

Handling  lines 

Dredging 

Minor  services,  supplies,  and  property 


Total,  department  of  operation  and  maintenance. 

SUPPLY  DEPARTMENT. 

Subsistence — 

Hotel  Tivoli 

Hotel  Aspinwall 

Line  hotels 

Messes 

Minor  services,  supplies,  and  property 


Total,  subsistence . 


Quartermaster- 
Material  from  stock 

Rock,  sand,  gravel,  and  screenings. 

Printing  and  binding 

Corral 

Miscellaneous  jobs 

Rental  of  gold  quarters 

Rental  of  silver  quarters 

Garage  rental 

Ancon  nursery 

Handling  of  fuel  oil 

Operation  of  stores 

Operation  of  quarters 


Cost. 


Total,  quartermaster ' 1, 923, 135. 18 


$724, 

,457: 

221, 

53; 

43 
75: 
22: 
43' 
12 
86 
71 
13 
60 
24 
23 
32 
21 


711.16 
459. 60 
515.  73 
799. 86 
470. 84 
536.10 
643.74 
075.41 
946.06 
,413.56 
,545.13 
,471.83 
072.05 
,539.20 
,632.40 
,  279. 03 
,361.77 
,316.01 


2,988,879.48 


164,903.04 

34, 221.. 54 

5.59,084.97 

126,911.54 

1,053.26 


Profit  (-f) 
orloss(— ). 


$725,435.73 

1,464,945.03 

222,746.70 

79,170.61 

482.  91 

44,396.87 

53,773.17 

24,887.33 

45,747.00 

29,890.49 

103,707.93 

71,471.83* 

13,072.05 

60,539.20 

24,632.40 

10,549.00 

32,361.77 

25,147.31 


3,032,957.33 


167,007.13 

25,962.60 

491,. 591. 81 

136,170.01 

1,034.16 


886,174.35    821,765.71 


,532, 
54, 
17, 
51, 

26, 

i\ 

54, 
60, 


149.45 
862. 86 
619. 67 
921.44 
232. 43 
790. 27 
907. 18 
476. 82 
156.  70 
018. 36 
000.00 
000.00 


1,561,647.70 

54,116.57 

17,970.38 

56,016.44 

91,979.92 

4,745.03 

65,656.92 

1,868.31 

2, 156.  70 

32, 882.  63 

54,000.00 

60,000.00 


2,003,040.60 


4-  $724. 57 
+  7,395.43 
+  1,230.97 
+  25,370.75 
+  12.07 
+  860. 77 
-21,870.57 
+  2,811.92 
+  1,800.94 
+  17,476.93 
+  17,162.80 


-12,730.03 
+  '3,'83i.'36 


+  44,077.85 


+  2,104.09 

-  8,258.94 
-67,493.16 
+  9,258.47 

-  19. 10 


-64,408.64 


+29,498.25 

-  746. 29 
+  350. 71 
+  4,095.00 
+      747.49 

-  45. 24 
+  38,749.74 
+  1,391.49 


+  5,864.27 


79,905.42 
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Table  Xo.  7. — Statement  of  profit  and  loss  on  business  operations  for  fiscal  year  ending 

June  30,  1916 — Continued. 


ACCOUXTIXG  PEPARTMEXT. 


Lost  metal  checks 

Cablegrams 

Service  to  Panama  Railroad . 


Total,  accounting  department 

HEALTH  DtPARTMEKT. 

Ancon  hospital- 
Fees 

Mess 

Burials 

Miscellaneous 

Colon  hospital — 

Fees 

Mess 

Miscellaneous 

Palo  Seco  leper  asylum 

-Line  dispensaries 

Quarantine — 

Subsistence ' 

Other  charges 

Sanitation- 
Panama  

Colon 

Zone 

Street  cleaning- 
Panama  

Colon , 

Corozal  hospital — 

Produce , 

Pasturage 

Burials 

Insane  asylum 

Sales  from  medical  stores 


Total,  health  department 

CIVIL  GOVERXMENT. 

School  tuition*. 

Sale  of  school  books 

Police  service 

Minor  services,  supplies,  and  property 


Total,  civil  government 

EXECUTIVE  DEPARTMENT. 


Service  to  Panama  Railroad  Company. 

Photographs  and  prints 

Motor-car  service 

Minor  services,  supplies,  and  property . 


Total,  executive  department 

MKCELL.VN'EOUS. 


Land  rental 

Building  rental 

Land  office  expense 

Joint  Land  Commission  transcripts. 
Equipment  rental 


Total,  miscellaneous. 
Total 


Cost. 


$52.  47 

1,175.11 

125,340.06 


126,567.64 


192,644.13 

9, 768. 47 

3, 250. 55 

610. 22 

16,163.74 

1,036.82 

138. 57 

17,556.06 
1,086.68 

33,684.18 
4,072.33 

10,784.37 
11,417.75 
11,727.82 

38,000.00 
15,229.97 

7,266.04 

90.70 

796.00 

35,416.18 

5,353.38 


416,093.96 


Revenues. 


2,561.32 

376. 37 

27,663.55 

1,153.37 


31  ,-754. 61 


78,900.00 

1,036.28 

4,052.83 

360. 10 


84,349.21 


4,278.41 

1,377.87 

12,004.50 

93.  80 

1,914.16 


$1,807.35 

1,666.51 

125,340.06 


128,813.92 


148,186.91 

11,050.93 

2, 622. 38 

604. 03 

10,383.27 
862. 83 
138. 57 

10,993.34 
1,086.68 

14,975.18 
4,954.91 

10,784.37 
11,417.75 
8,804.40 

38,000.00 
15,342.81 

7, 272.  62 

84.70 

793.  00 

54,791.29 

5,534.94 


358,684.91 


2,561.32 

376. 19 

27,621.30 

1,341.87 


31,900.68 


78, 900. 00 

1,036.28 

4,042.82 

370. 20 


Profit  (+) 
or  loss  (— ), 


+81,754.88 
+      491.40 


2,246.28 


-44,457.22 
+  1,282.46 

-  628. 17 

6.19 

-  5,780.47 

-  173.99 


-  6,562.72 


-18,709.00 
+      882. 58 


2, 923. 42 


+       112.84 

+         6.58 

6.00 

-         3.00 

+  19,375.11 
+       181.56 


-57,409.05 


-  0.18 

-  42. 25 
+      188. 50 


+      146.07 


-        10.01 
+        10. 10 


84,349.30 


6,505.40 
2,094.89 
12,004.50 
110.00 
6,294.37 


19,668.74  1        27,009.16 


6,476,623.17     6,488,521.61 


.09 


+  2,226.99 
+      717. 02 


+        16.20 
+  4,380.21 


+  7,340.42 


+  11,898.44 
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Table  No.  9. — Detail  of  uork  in  progress. 
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Amount. 

Amount. 

Steamsliip  Cristobal 

$716, 0S5.  43 
728,271.88 

1,974,162.14 
890,51.3.46 

4, 015, 200.  33 
170,198.51 
711,337.79 

1,019,416.75 
142,420.62 
11,223.42 

$66,618.71 
14,095.06 
25,020.65 

18,5,257.43 

4,646.39 

21,958.95 

13,596.29 

Steamsliip  Ancon 

Two  colliers 

Two  floating  cranes 

Healtli 

Dredging 

Mechanical 

Marine 

Ivocks  operation 

Total 

Electrical 

10,710,023.81 

Municipal  engineering 

Uncompleted  jobs,  mechanical  division 

Uncompleted  jobs,  other  divisions 

Inspection  of  12  towing  locomotives 

Hydraulic  grader,  No.  2 

Hydraulic  gi-ader.  No.  3 

Total 


Amount. 


$235,259.01 

341,335.01 

332. 58 

5,547.55 

6,969.77 


589,443.92 


Table  No.  10.— Detail  of  stores,  supplies,  and  equipment  in  storehouses,  by  stores  and 

divisions. 


Balboa  store $3,071,045.82 

Dry-dock  store 349  045.31 

Paraiso  store 766  0.36.78 

Medica  store 56  178.05 

Fueloil 95  714  60 

Stationery  store,  administration  building 19  gfy->'  jg 

Printing-plant  store '_' 53' 406  43 

District  quartermaster  store:  ' 

Cristobal $791  n 

l^atu° 16  731  72 

Faraiso 1  121  80 

Balboar Ancon ..\ ... .    5' 6.59! 51 

'- 24,304.14 

Total,  quartermaster's  stores ~ 

Material  on  hand  with  divisions,  not  vet  charged  to  the  work 

Containers  in  transit 

Obsolete  store  (credited  to  assets) ^^ -.■..............[[].[[.[.[.[[ 

Total 


Amount. 


$4,428,593.29 
548,315.04 
137,537.48 
126,020.00 


5,240,465.81 


Table  No.  U. —Detail  of  assets  received  from  the  Canal  Zone  Government. 


Schoolhouse  buildings 

Roads 

Waterworks  and  sewer  system 

Stationery  stock 

Miscellaneous 

Total 


Amount. 


$72,115.00 

451,887.50 

18, 500. 00 

2, 167.  04 

122.83 


544, 792. 37 
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Table  No.  12. — Detail  of  assets  transferred  to  other  departments  of  United  States  Gov- 
ernment. 


Amount. 


To  Army  on  Canal  Zone: 
Buildings — 

Corozal S205, 073.  50 

Cristobal 22,  261.  51 

Culebra 244,  .586.  41 

Empire 368,  606.  67 

Las  Cascadas 126, 416.  00 

Gatun 28,  553.  91 

Margarita  Island 375.  50 

Toro  Point 24, 076.  24 

Roads 

Waterworks  and  sewer  system 

Allotment  from  appropriation  "Maintenance  of  clearings  and  trails" 

To  Alaskan  Engineering  Commission 

Less  buildings  not  yet  credited  to  other  asset  accounts 

Total 


SI,  019, 949.  74 

249, 200.  00 

361,550.00 

16,  500.  00 

86, 523.  06 


1,  733,  722.  80 
457, 327.  68 


1, 276, 395. 12 


Table  No.  13. — Detail  of  Panama  Canal  property  operated  by  Panama  Railroad. 


Amount. 


Floating  equipment 

Rolling  stock 

Machinery 

Docks,  wooden: 

Cristobal $62, 000.  00 

Balboa 8, 100.  00 

Steamships: 

Colon 400,  000.  00 

Panama 400, 000.  00 

Total 


$91,  227. 77 
764,  806. 20 
10,  510. 72 


70, 100. 00 


800, 000. 00 


1,  736, 644. 69 


Table  No.  14. — Detail  of  Panama  Railroad  property  operated  by  Panama  Canal. 


Amount. 


Buildings 

Floating  equipment . . 

Rolling  stock 

Machinery 

Gamboa  gravel  plant . 
Concrete  dock,  Balboa 

Total 


8326,  SOO.  00 
39,  585. 00 
35,441.76 
11,852.31 
79,961.28 
373,  742. 10 


867, 382.  45 


REPORT   OF   AUDITOR. 
Tablk  No.  15. — Detail  of  reserves. 


38; 


Amount. 

$870,173.12 

For  ilepreciation: 
StriK'tnres— 

819,907.02 

163, 028. 70 

15,  572. 59 

36,  863. 13 

18, 977. 81 

$254,349.25 
901,070.24 

Docks  ami  jiiers 

Waterworks  systems 

Equipment  and  tools- 

33,272.00 

7, 250. 06 

690, 904. 01 

3, 383. 94 

426. 99 

8, 106. 65 

58,  700. 65 

3, 421. 25 

142.3.97 

13,813.99 

30,  607. 34 

6, 050.  80 

22, 510. 10 

8.85 

16,2.51.40 

22,  500. 00 

1,914.16 

Storehouses 

Dred£!ing  division 

Building  division                 .                                    

Marine  division 

Gatun  Locks  division 

Pacific  Locks  division 

Health  department 

Ganiboa  gravel  plant          

Contractors 7 

15.157.31 

7, 750. 14 

149,221.73 

5,717.51 

378.  70 

20, 006. 68 

1,155,419.49 

Structures- 
Balboa  shops  buildings 

"1211.39 
244, 282. 29 

Storehouses 

Power  svstem         

Fuel-oil  plants 

Equipment- 

58,  586. 63 
10, 177.  28 
138,  260. 57 
27, 917.  89 
1  586. 18 
3, 18.5. 41 
6,  740.  69 

Dredging  division 

Motor  cars 

Locomotives 

244, 070. 90 
61, 082. 45 

For  losses  on  sales  of  obsolete  stock 

Total 

2, 330, 745. 96 

1  Debit  balance. 

Table  No.  16. — Construction  of  canal  to  June  30,  1916. 

[Quantities  are  expressed  in  cubic  yards  except  when  otherwise  specified.] 
FROM  AND  INCLUDING  GATUN  TO  THE  SEA. 


Quantities. 

Amount. 

Unit  cost. 

Prism  excavation: 

Dry  excavation 

2,181,998 

29,605 

39,065,660 

$1,260,011.20 

10,318.87 

7,721,058.24 

$0.5775 

Hvdraulic  excavation 

.3485 

Dredging  excavation          

.1976 

Total  direct  cost 

8,991,388.31 
2,941,413.58 

Total  prism  excavation 

11,932,801.89 

Gatun  spillway: 

Drv  excavation 

1,544,202 
44,715 

948,915.04 
87,896.99 

.6145 

Preparing  foundat  ions 

1.9657 

Masonrv— 

Plain 

228,723 
2,456 

1,696,598.87 
37,470.35 

7.4177 

Reinforced 

15.2567 

1,734,069.22 
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Table  No.  16. — Construction  of  canal  to  June  JO,  1916 — Continued. 

[Quantities  are  expressed  in  cubic  yards  except  when  otherwise  specified.] 

FROM  AND  INCLUDING  GATUN  TO  THE  SEA— Continued. 


Quantities. 

Amount. 

Unit  coat. 

Gatun  spillway— Continued. 

Iron  work  

$145,868.58 
90, 687. 83 
103, 150. 65 
24,935.19 

Gates 

'  * 

"* 

Back  filling 

50. ls3 

$0.4969 

Total  direct  cost 

3,135,523.50 
966, 147.  61 

Administrative  and  general  expenses            

Total  Gatun  spillway 

4,101,671.11 

Gatun  Dam: 

Dredcin?  excavation 

38,425 
12,229,104 
10.728,965 

18,322.71 
4, 705, 950.  ,52 
2,645,947.37 

.4769 

Dry  filling 

.3848 

Hydraulic  filling 

.2466 

Paving  and  surfacing— 

Excavation    

15,078 

78,590 

15,740 

390, 065 

31,704.98 
65,299.15 
38, 620. 09 
21,882.79 

2. 1027 

Placing  riprap 

.8309 

2.4536 

.0561 

157,507.01 

12,261.60 

Total  direct  cost. .                

7,539,989.21 
2,329,504.30 

Administrative  and  general  expenses       

Total  Gatiui  Dam  

9,869,493.51 

East  saddle  dam: 

Dry  filling  (direct  cost) 

4,117 

1,687.85 
454.45 

.4100 

Administrative  and  general  expenses       

Total 

2, 142. 30 

Trinidad  River  dam: 

Drv  fillini,'  (direct  cost) • . .. 

72, 105 

54,818.81 
11,894.46 

.7603 

Total 

66,713.27 

Gatun-Mindi  levee: 

Dry  fillinir 

290, 189 
20, 398 

100,497.72 
3,326.91 

.3463 

Hydraulic  filling 

.1631 

Total  direct  cost 

103,824.(3 
37,504.,S2 

Administrative  and  general  expenses 

Total 

141,329.45 

Gatim  Locks: 

Drv  excavation 

4,660,055 
1,756,977 

2,814.729.46 
495,650.69 

.6040 

Dredging  excavation 

.2821 

Preparing  foundations- 
Dry  excavation 

228,376 
19,814 
41,661 
83,670 

251,999 

404,761.97 
36,581.03 
16,008.(i3 
138, 689. 56 
143,537.40 

1.7724 

Dredging  excavat ion 

1.8462 

Filling  for  approach  walls 

.3843 

Concrete  pile  foundations,  approach  walls  (linear  feet)... 
AVooden  pile  foundations,  approach  walls  (linear  feet).. 

1.6576 
.5696 

Total  preparing  foundat  ions 

739,578.59 

Masonry- 
Concrete — plain 

1,945,487 
95,753 

13,260,258.29 
1,100, 401.  (i6 

6. 8159 

Concrete — reinforced 

11.4920 

Total  masonry 

2,041,240 

14,360,059.95 

7.0353 

1,241.241.06 
2,840,660.64 

928.531.01 
3,073.489.59 

:«2,752.77 

Concrete  used  in  machinery  installation 

26. 734 

12. 8209 
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Table  No.  \6.— Construction  of  canal  to  June  SO,  79/6— Continued. 

[cjiiantitics  iiro  expressed  in  cubic  yards  except  when  otherwise  specified.] 

FROM  AND  INCLUDING  GATUN  TO  THE  SEA— Continued. 


Quantities. 

Amount. 

Unit  cost. 

Gatiin  Locks— Continued. 
Control  house— 

t)t)2 

$23,007.31 
33,927.39 
41,696.59 

$.34.8448 

98,691.29 

16,516.25 
17,280.22 
40,452.81 
1,093.746.15 
87,048.28 

Back  fill                   

2,119,406 
113,163 

.5161 

.7692 

Filling:  around  south  approach  wall— 

Drv  fillinj;                           

7,072 
594,495 

3,600.90 
91,847.9S 

.5092 

.1545 

95,448.88 

31,606.06 

28,318,083.70 
7,348,178.97 

35,666,262.07 

Colon  break^vaters  (Table  No.  17): 

1,276,479 

3,345,890.02 
2,800,286.07 

2.6212 

6,146,176.09 

1,511,314.68 

7,657,490.77 

69,437,904.97 

FROM  GATUN  TO  PEDRO  MIGUEL. 


Prism  excavation  and  clearing: 

Dry  excavation 

Dredging  excavation 

Hj'draulic  excavation 

Clearing  without  excavation  (acres). 


110,261,883 

6,218,999 

1,633,647 

2,530 


Total  direct  cost 81, 897, 659.  27 

Administrative  and  general  expenses 25, 098, 557.  27 


$78,588,196.88 

2,811,473.22 

342, 762.  79 

155, 226. 38 


Total  prism  excavation  and  clearing 106, 996, 216. 54 


■SO.  7127 
.4521 
.2098 

61. 3543 


FROM  AND  INCLUDING  PEDRO  MIGUEL  TO  THE  SEA. 


Prism  excavation: 

Dry  excavation 

Hydraulic  excavation. 
Dredging  excavation . 


Total  direct  cost 

Administrative  and  general  expenses. 

Total  prism  e.xcavation 


Pedro  Miguel  Dams: 
Dry  excavation. 

Dry  filling 

Masonry 


Total  direct  cost 

Administrative  and  general  expenses. 

Total  Pedro  Miguel  dams 


4,819,909 

1,549,904 

40, 736, 898 


10,475 

699, 518 

1,567 


$3, 108, 345. 96 
1,075,117.67 
9, 484, 858. 21 


13,668,321.84 
4, 073, 580. 92 


17,741,902.76 


19,039.71 

314, 734.  74 

7,842.17 


341,616.62 
92,218.76 


4.33, 835. 38 


$0. 6449 
.6937 
.2328 


1.  8177 

.4499 

5.0046 
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Table  No.  16. — Construction  of  canal  to  June  SO,  .Z9i6— Continued. 

[Quantities  are  expressed  in  cubic  yards  except  when  otherwise  specified.] 

FROM  AND  INCLULING  PEDRO  MIGUEL  TO  THE  SEA— Continued. 


Quantities. 

Amount. 

Unit  cost. 

Pedro  Miguel  Locks: 

1, 133, 280 
175,987 

S904,  867.  58 
430, 205. 59 

SO.  7985 

2. 444) 

Masonry- 

839,398 

C7, 777 

4,376,954.43 
598,  870.  88 

5.  2144 

8.8359 

907, 175 

4,975,825.31 

5.4850 

622,046.85 
1,689,540.07 

937,958.48 
1, 866, 327.  76 

257,951.10 

21,433 

12. 0352 

Control  house- 

797 

45, 298. 92 
25,674.54 
28, 343. 04 

56.  8368 

99, 316.  50 

19, 476.  00 

15,616.07 

18,579.66 

366, 092.  06 

105, 459. 15 

3,  817.  69 

21,449.49 

Back  fill          

834, 288 
220,  708 

.4388 

.4777 

12,334,529.36 
3,264,046.12 

15,598,575.48 

Miraflores  east  dam  and  spillway: 

242,399 
26,338 

303,0.37.56 
18,368.28 

1.2502 

.6974 

Masonry- 
Concrete,  plain 

73, 277 
977 

443,085.14 
14,92.3.61 

6. 0467 

Concrete,  reinforced 

15.  2749 

Total  masonry 

74, 254 

458,008.75 

6. 1681 

Iron  work        

29, 094.  45 
48, 296.  22 
105, 183.  50 

3,110.85 
42, 195.  29 
17, 602.  61 

1,888.93 

59 

62.  7263 

Dike  and  trestle  l)ridge          .       ... 

1,026,786.44 
300,119.96 

Total  Miraflores  east  dam  and  spillway  

1,326,906.40 

Miraflores  west  dam: 

Drv  excavation 

24, 459 

4,525 

1,758,423 

25,549.07 

20,214.95 

802,505.11 

53, 490.  49 

1. 0446 

4.  4674 

Dry  filling 

.4564 

Hydraulic  filling 

Total  direct  cost 

901.759.62 
263,757.12 

1,165,516.74 

Drv  excavation,  diversion 

5,SS5 

2, 222, 582 

309,647 

332, 703 

2,028.98 

1,809,065.14 

129,192.56 

182,526.79 

.  3448 

.  8139 

Dredging  excavation,  lock  site 

.4172 

.5486 
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Table  No.  IG.— Construction  of  cannl  to  June  30,  79/6— Continued. 

[Quantities  are  expressed  in  cubic  yards  except  when  otherwise  specified.) 

FROM  AND  INCLUDING  PEDRO  MIGUEL  TO  THE  SEA— Continued. 


Miraflores  Locks— Continued. 
Preparing  foundutious — 

Dry  excavation 

Wooden  pile  foundations  (linear  feet).  - 


Total  preparing  foundations . 

Masonry- 
Concrete,  plain 

Concrete,  reinforced 


Total  masonry. 


Control  house- 
Masonry  

Ironwork  and  miscellaneous . 
Machinery  installation 


Total  control  house. 


Lock  office  building . 

Buffer  timbers 

Crib  fenders , 

Backfill 

Filling  center  wall. . , 

Mess  building 

Cleaning  up 

Permanent  tracks . . 


Total  direct  cost 

Administrative  and  general  expenses. 


Total  Miraflores  Locks. 


La  Boca  locks  and  dams  (abandoned): 

Dry  excavation 

Construction  of  dam 

Construction  of  locks 


Total  direct  cost 

Administrative  and  general  expenses. 


Total  La  Boca  locks  and  dams. 


Naos  Island  breakwater: 

Filling  and  trestle  (direct  cost) 

Administrative  and  general  expenses . 


Quantities. 


415,981 
44, 705 


1,408,484 
71, 255 


1,479,739 


Amount. 


8714,72.8.22 
54,628.66 


769, 356.  88 


6,620,594.37 
768,926.55 


7,389,520.92 


Ironwork  871,408.07 

Gatel.      .■.■.■.■.".!■.■.■.".".■.■■.'.'.■■.■........... 1 1,927,029.19 

Emergency  dams I '.      .  ^33, 842. 33 

Operating  machinery 

Concrete  used  in  machinery  installation 28, 781 


949 


2,468,995.74 
339, 509. 32 


L'nit  cost. 


54,360.38 
24, 519. 41 
41,606.87 


120,486.66 


2,366,252 
249, 457 


78,233 


21,444.44 

6, 507. 93 

53,081.06 

941,051.98 

145, 826. 14 

3, 666.  80 

42, 953. 51 

5, 204.  52 


18,062,698.96 
4, 888, 710. 23 


22,951,409.19 


131, 254. 40 
288, 601.  .56 
145, 828. 37 


2,087,745 


565, 684. 33 
186,063.99 


751,748.32 


790,456.25 
230, 210. 16 


Total  Naos  Island  breakwater | |      1,020,666.41 

Total  Pedro  Miguel  to  the  sea 


Aids  to  navigation  (Table  No.  18): 

Lights  and  buoys  (direct  cost) 

Administrative  and  general  expenses . 


Total  aids  to  navigation . 
Total  canal 


60,990,560.68 


453,414.35 
172,120.32 


025, 534. 67 


238,050,216.86 


SI.  7182 
1.2220 


4.  7005 
10.  7912 


4. 9938 


11.7963 


57.2817 


,3977 
.5846 


1. 6777 


.3786 
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Table  No.  16. — Construction  of  canal  to  June  30,  1916 — Couliuued. 

[Quantities  are  expressed  in  cubic  yards  except  when  otherwise  specified.] 

MISCELLANEOUS. 


Quantities. 

Amount. 

Unit  cost. 

Power  producing  and  transmittinp:  system: 
Gatun  hydroelectric  power  plant- 
Excavation  

$54,862.07 
284, 907.  75 
315,318.39 

Buildint; 

Total  Gatun  hydroelectric  power  plant 

055,148.21 

Miraflores  steam-electric  power  plant- 
Building  and  site 

Operating  machinery 

233, 029.  74 
10, 089. 10 

Total  Miraflores  steam-electric  power  plant 

250,318.84    

Transformer  substations- 
Cristobal  

290,029.56 
314, 780.  53 
23,775.03 
337, 331.  57 
282, 149. 03 

Gatun 

Balboa 

Total  transformer  substations 

1,248,065.72 

Transmission  and  duct  lines- 

1,082,815.92 

349, 831.  58 

56, 764.  23 

Duct  lines 

Distribution  lines 

Total  transmission  and  duct  lines 

1,489,411.73 

Total  direct  cost 

3,  (>42, 944.  .50 
883,028.14 

Administrative  and  general  expenses 

Total  power  producing  and  transmitting  system 

'      4,525,972.64 

Atlantic  terminals: 

Cristobal  coaling  station  (Table  No.  19) 

3,000,980.12 
182, 962.  .52 
67,387.42 
101,205.87 
41,173.10 
7, 528.  64 

Cristobal  fuel-oil  plant  (Table  No.  19 J 

Cristobal  dry  dock 

Cristobal  roundhouse 

Gatun  dock 

Total  direct  cost      .            

4,001,2:37.67 
430, 332. 02 

Total  .Vtlantic  terminals 

4,437,569.09 

Balboa  terminals  (Table  No.  20): 

1,233,374.01 
1,499,176.40 
2,7.50,022.88 
1,753,2(B.51 

380,988.19 
3,020,040.11 

198, 140. 70 

.522, 870. 25 
2,443,000.86 

299, 705. 25 

Dredging  inner  harVjor 

Coaling  station                                         

Shop  office  building                             

Docks 

Fuel-oil  plant 

Total  direct  cost                                        

14,101,188.22 
2,745,631.70 

Total  Balboa  terminals .             

10, 840, 819. 98 

Permanent  lownsites  (Table  No.  21): 

1,190,197.48 

152, 123. 75 

119,492.94 

15,902.76 

57,388.91 

La  Boca .       .   . 

Pedro  Miguel 

<  latun 

Cristobal 

Total  direct  cost 

1.541,105.84 
307, 822. 50 

Total  permanent  townsites 

1,848,928.34 
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Table  No.  16. — Construction  of  canal  to  June  JO,  1916 — Continued. 

(Quantities  are  expressed  in  cubic  yards  except  when  otherwise  spoeifled.] 

MISCELLANEOUS— Continued. 


Quantities. 

Amount. 

Unit  cost. 

Buildiufs  (Table  No.  22): 

$16,079.62 

932,415.16 

127,960.85 

2,800.00 

138,614.70 

263,896.84 

3,119,424.99 

375, 227. 62 

180,800.70 

176,617.66 

16,977.79 

155,592.35 

64,835.28 

22,393.93 

2,113.77 

35,982.62 

74,701.73 

90,441.56 

70,594.76 

11,534.38 

229,928.88 

... 

* 

Paraiso  shops 

Colon  Hospital   

Quarantine  stations 

' 

Miscellaneous  buildings,  health  department 

Post  offices     

Terminal  oliice  building,  Balboa | 

* 

Total  direct  cost 

6,108,935.19 
699, 492. 34 

Administrative  and  general  expenses 

Total  buildings 

6,808,427.53 

Ancon-Balboa 

129,837.85 

111,571.74 

16,599.52 

58,186.27 

23,009.51 

Miraflore^s  power  house 

Pedro  Miguel  townsite 

Mount  Hope 

Total  direct  cost 

339, 204. 89 
61,456.79 

Total  sanitary  fills 

400,661.68 

Waterworks  systems: 

Colon-Cristobal 

584,838.94 

1,592,979.95 

241,000.00 

307,046.40 

Gatun 

Other  Zone  sj-stems 

Total  direct  cost 

2,725,865.29 
178,139.65 

Administrative  and  general  expenses 

Total  waterworks  systems 

2, 904, 004. 94 

Zone  sev/age  system: 

Total  direct  cost 

68,037.84 
360.22 

Total  Zone  sewage  system 

68,398.06 

Zone  roadways: 

Total  direct  cost 

620,234.57 
11,082.14 

Administrative  and  general  expenses 

Total  Zone  roadways 

631,316.71 

Real  estate: 

For  canal  construction  and  flooded  areas 

866,007.56 
146,108.94 
948,614.69 

For  auxiliarv  works  and  buildings 1 

Total  real  estate 

1,960,731.19 

Miscellaneous: 

Gravel  reclaiming  plant,  Gamboa 

13,098.88 

9, 800, 626. 46 

155, 818. 24 

10,000,000.00 

as,  750, 572.  87 

Investment  Panama  Railroad  stock 

Concession  from  Republic  of  Panama 

Purchases  from  New  Panama  Canal  Co 

Original  pavment .  $40  000, 000. 00 

Expenses  caring  for  equipment,  etc 2, 833.  23 

40, 002, 833.  23 
Material  sold  or  used  in  construction 1, 252, 260. 36 

Total  miscellaneous 

58,720,116.45 

Total  construction  of  canal 

■ 

337,203,164.07 
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Table  No.  17. — Detailed  cost,  Colon  east  brealwater,  to  June  30,  1916. 


COLON   E.VST  BRE.VKWATER,  CONSTRUCTIOX. 

Trestle  constniction: 

Tr&stle,  double  track linear  feet . 

Maintenance  of  equipment do 

Division  expense do — 


Total  division  cost do. 


Trestle  reconstniction: 

Salvaging  material 

Value  of  salvaged  material 

Trestle,  single  track linear  feet. 

Maintenance  of  equipment 

Division  expense 


Total  division  cost. 


Dry  filling  (a)  by  plowing  off  Lidgerwood  cars: 

Excavation  from  Sosa  Ilill,  core  rock 

Excavation  from  Sosa  Hill,  armor  rock 

Transportation 

Dumping 

Trestle  maintenance 

Track  maintenance 

Maintenance  of  equipment- 
Cars  

Unloaders 

Plows 

Miscellaneous 

Division  expense 


Total  division  cost. 


Dry  filling  (6)  placing  with  derrick  barges: 

Reloading  from  storage 

Water  transportation 

Placing  armor 

Division  expense 


Total  division  cost , 


Placing  concrete  blocks; 
Concrete  blocks — 

7  feet 

6  feet  3  inches 

'  5  feet  3  inches 

.    4  feet  3  inches 

Rail  transport:! t  ion — 

Gamboa  to  Coco  Solo 

Cristobal  to  Coco  Solo 

Placing  with  derrick  barges- 
Loading  into  barges 

Shifthig  barges 

Operation,  derrick  barges 

Operation^  rock  barges 

Placing,  plowing  oil  Lidgerwood  cars- 
Dumping 

Trestle  maintenance 

Maintenance  of  equipment — 

Cars 

Cranes 

Derrick  barges 

Rock  barges 

Miscellaneous 

Division  exjiense 


Total  division  cost. 

Scow  fill  from  Gaillard  Cut: 
Excess  cost  of  dumping.. 


Filling,  hydraulic: 

Kill  proper 

Fill  for  trestle  reconstruction. 


Total  division  cost. 


Plant. 


Total  division  cost  Colon  east  breakwater. 


Quantities.         Amount.       I'nit  cost 


Cubic  yards. 
11,. 304 
11,304 
11,304 


11,364 


10,  481. 8 


682,037 
67, 492 
749, 529 
749,529 
749, 529 
749, 529 

749, 529 
749,529 
749, 529 
749, 529 
749,529 


749, 529 


76,011.2 
23,913.0 

10. 700. 7 
4, 807. 6 

76,011.2 
15, 508. 3 

66,019.8 
66,019.8 

66. 019. 8 
66,019.8 

49,412.7 
49, 412.  7 

115,432.5 
66,019.8 
66,019.8 
66,019.8 
11.5,432.5 
115,432.5 


115, 432. 5 


326, 213 
215,644 


541,857 


S538, 959. 13 
19, 362. 28 
18, 198. 42 


576, 519. 83 


63, 379.  98 

1  65, 760. 17 

166, 564. 56 

5, 265. 98 

19,660.75 


189, 111. 10 


369, 284. 17 
78,438.37 

123, 597. 69 

48,447.95 

23, 149. 51 

6, 405. 33 

86,997.08 

6, 003.  69 

1,956.87 

608.  44 

8,800.86 


754,289.96 


77.70 

83.96 

126.78 

62.85 


$47.  4269 
1.  7038 
1.  0014 


351.29 


220,932.90 
88,099.59 
43,282.32 
17,491.07 

7,953.27 
506. 65 

3,571.03 
3, 143.  22 
11,862.40 
2, 738. 65 

6,145.84 
618. 17 

12, 190. 27 
676.64 

12, 793. 83 
2, 198. 01 
1, 974. 53 
4,397.04 


440. 575. 43 


616. 47 


2.')7, 681.  87 
60, 884. 90 


318,566.77 


520, 255.  22 


2, 800, 286. 07 


15. 8908 


.5414 
1. 1622 
.1649 
.  0646 
.0309 
.0085 

.1161 

.0088 
.  0026 
.0008 
.0117 


1.0064 


2. 9066 
3. 6S42 
4.0448 
3. 6382 

.1046 
.0327 

.0541 
.0476 
.  1797 
.0415 

.1244 
.0125 

.1056 
.0102 
.  1938 
.0333 
.0171 
.0381 


3. 8167 


.7899 
.2823 


.5879 


t  Indicates  credit. 
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Item. 


Preliminarj-  work 

Sailing  chart,  preparation 

East  breakwater  beacon 

West  breakrwat er  ligh  t 

West  breakwat  er  beacon 

Beacon,  dock  13,  Atlantic 

Beacon,  coal  chute,  Atlantic 

Beacon  No.  1,  Atlantic 

Beacon  No.  2,  Atlantic 

Beacon  No.  3,  Atlantic 

Beacon  No.  t,  Atlantic 

Tower  No.  5,  Atlantic 

Tower  No.  (i,  Atlantic 

Tower  No.  1,  lake 

Tower  No.  2,  lake 

Tower  No.  3,  lake 

Tower  No.  4,  lake 

Tower  No.  5,  lake 

Tower  No.  6,  lake 

Tower  No.  7,  lake 

Tower  No.  8,  lake 

Tower  No.  9,  lake 

Tower  No.  10,  lake 

Tower  No.  12,  lake 

Tower  No.  13,  lake 

Tower  No.  14,  lake 

Tower  No.  15,  lake 

Tower  No.  16,  lake 

Tower  No.  17,  lake 

Tower  No.  18,  lake 

Tower  No.  19,  lake 

Tower  No.  21,  lake 

Tower  No.  22,  lake 

Tower  No.  23,  lake 

Tower  No.  24,  lake 

Tower  No.  2.5,  lake 

Tower  No.  26,  lake 

Beacon  No.  11,  lake 

Beacon  No.  27,  lake 

Beacon  No.  28,  lake 

Beacon  No.  29,  lake 

Beacon  No.  30,  lake 

Beacon  No.  31,  lake 

Beacons  Nos.  1-37,  Gaillard  Cut 

Beacon  No.  38,  Gaillard  Cut 

Channel  lights,  Gaillard  Cut 

Tower  No.  1,  Pacific 

Tower  No.  2,  Pacific 

Tower  No.  3,  Pacific 

Tower  No.  4,  Pacific 

Tower  No.  12,  Pacific 

Tower  No.  13,  Pacific 

Beacon  No.  5,  Pacific 

Beacon  No.  6,  Pacific 

Beacon  No.  7,  Pacific 

Beacon  No.  8,  Pacific 

Beacon  No.  9,  Pacific 

Beacon  No.  10,  Pacific 

Beacon  No.  11,  Pacific 

Beacon  No.  17,  Pacific 

Beacon  No.  19,  Pacific 

Beacon  No.  21,  Pacific 

Punta  Mala  light 


,  275. 50 
,018.67 
,616.00 
,  990.  50 
, 168.  52 

49.28 
4.14 
,678.94 
5S4.83 
707.  56 
.  188. 63 
423.56 
,217.70 
490.51 
,401.92 
,723.14 
056. 73 
824.56 
,934.86 
, 090. 25 
,487.83 
, 103. 56 
,  622.  72 
,516.27 
,  305.  56 
,  232.  77 
,220.71 
,  732. 24 
,531.08 
,  979. 96 
,244.49 
,221.27 
,248.14 
,744.68 
,  382. 13 
,  162.  51 
,187.97 
,398.49 
231.69 
,  390.  53 
207. 84 
,  028. 66 

68.93 
734.93 
,291.51 
379.40 

728.  79 
958. 77 
347.78 
388.  74 
420.56 
1.58. 37 

729.  59 
823. 70 
146.93 
017.10 
819.04 
357.00 
148.  58 
744.63 
719. 39 
731.43 
107. 07 


Item. 


Amount. 


Punta  Mala  keeper's  house , 

Hona  Island  light , 

Taboguilla  light , 

Temporary  liglils.  Pacific  entrance 

Reference  targets 

Reference  points 

Transmission  lines: 

Atlantic  entrance,  west.  SI,  1.55.  76 
Atlantic  entrance,  east .  5, 425. 92 
To  Towers  Nos.  23  and 

24,  lake 989.96 

To  Tower  No.  25,  lake..  101. 30 
To  Tower  No.  28,  lake..    1,131.70 

Bas  Obispo  conduit 8,236.97 

Bas    Obispo   to    I'edro 

Miguel 22,701.21 

Pacific  entrance,  west . .  2, 502. 30 
Pacific  entrance,  east.. .    4, 737. 52 

Total  transmission  lines , 

Gas  buoys,  general,  installation , 

Gas  buoys,  22-foot  shoal,  Limon  Bay. , 

Spar  buoys , 

Mooring  stations: 

Dock  No.  13,  dolphins..      ?303.37 

Gamboa,  surveys 123.21 

Gamboa,  dolphins 8,2.57.64 

Gamboa,  mooring  buoys  180. 19 
Gamboa,  mooring  wharf    1, 074. 64 

Empire,  surveys 3.57 

Empire,  mooring  wharf.    1 ,  668. 59 

Paraiso 3, 519. 30 

Pedro  Miguel,  mooring 

posts 48. 15 

Balboa,  private  craft ...       315. 34 

Balboa,  buoys 803. 14 

Gatun,  concrete  dock.. .    5, 276. 14 

Total  mooring  stations 

Signal  stations; 

Empire .?3, 479. 34 

Gamboa 3,874.72 

Gatun,  arrow 1,043.83 

Pedro  Miguel,  arrow 1,093.71 

Miraflores,  arrow 1,114.38 

Cucaracha _ 49.44 

Washington  Hotel 582. 92 

SosaHill 5,214.56 

Total  signal  stations 

Whistle  signs,  Gaillard  Cut , 

Telephone  system,   Balboa'  to   Fla- 
menco Island 

Experimental  illumination 

Spart  parts: 

Beacons,  common 51,7.30.26 

Beacon  lanterns 843.63 

Buoy  sinkers 286.06 

Red  sectors 70. 00 

Total  spare  parts 

Total  division  cost 


$1,346.49 
3, 287. 23 
3,601.76 

692. 81 
9,029.53 

148. 55 


49,982.64 

12,876.46 

772. 43 

18,141.25 


21,573.28 


16, 4.52. 90 
280. 57 

525. 44 
1,293.92 


2, 929. 95 


453,414.35 
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Table  No.  19. — Detailed  cost,  Cristobal  terminals,  to  June  30,  1916. 


Quantities. 


Amount.        Unit  cost. 


COAUXG  PL-^NT. 

Preliminary  and  general  work: 

Designing 

Surveys 

Boring  and  test  pits 

Temporary  tracks 

Inspection  in  the  United  States 

Inspection  on  the  Isthmus 

Preliminary  operation  and  maintenance . 
Division  expense 


C-uhic  yards. 


Total  division  cost. 


Dredging: 

Clearing 

Operation  dipper  dredges 

Maintenance  dipper  dredges 

Operation  ladder  dredges 

Maintenance  ladder  dredges 

Depreciation  ladder  dredges 

Operation  tugs,  clapets,  and  scows 

Maintenance  tugs,  clapets,  and  scows 

Depreciation  tugs,  clapets,  and  scows 

Operation  pipe-line  dredges 

Maintenance  pipe-line  dredges 

Depreciation  pipe-line  dredges 

Pipelines 

Dikes 

Channel  lights 

Ditching 

Drilling 

Blasting , 

Operation  miscellaneous  floating  equipment 

Maintenance  miscellaneous  floating  equipment 

Depreciation  miscellaneous  floating  equipment 

Mamtenance  drill  barges 

Depreciation,  all  equipment,  prior  to  June  30, 1915. 
Division  expense 


Total  division  cost 

Coal  pocket  and  under  wharves 

Basin  alongside 

Foundations,  retaining  wall  construction: 

Surveys 

Piling  in  place linear  feet. . 

Excavation  for  foundations 

Concrete 

Reinforcement  in  place 

FLxcd  irons  in  place 

Forms  for  retaining  wall 

Maintenance  of  equipment 

Plant  arl)itrary 

Division  expense 


Total  division  cost. 


Foundations,  caisson  constniction: 

Surveys 

Cylinders  in  place 

Cost  of  steel  cylinders 

Excavation  in  cylinders 

Concrete  in  cylinders 

Reinforcing  in  cylinders 

Trestles ." 

Forms  for  cylinders 

Ties  between  cylinders 

Fixed  iron 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 


Total  division  cost 

Back  filling: 

Transportation 

Tracks 

Filling  and  grading 

Maintenance  of  equipment 

Division  expense 

Fill  for  permanent  storage  yard. 

Total  division  cost 


419,517 
73, 623 
73, 623 
347,581 
347,581 
122, 286 
421,204 
421,204 
122, 286 
998,313 
998,313 
348, 190 
998, 313 
998, 313 
,419,517 
,419,517 
,419,517 
,419,517 
,419,517 
,419,517 
470, 476 


697, 908 
,419,517 


1,419,517 

221,354 

1, 198, 163 


89,993 
5,127 
7,413 


16,739.5 
20,917 


45, 433 
45,433 
45, 433 
45,433 
45, 433 
69, 125 


114,5.58 


$12, 847.  65 
10, 794.  68 
352.  41 
43,076.85 
62, 757.  69 
20, 344.  66 
67.23 
13,270.71 


163,511.88 


2,201.84 

4,351.72 

4,458.48 

39, 616.  43 

24,516.27 

1, 007.  00 

25, 770. 31 

11,392.90 

1,031.96 

172,781.95 

131,934.46 

6, 422. 97 

34,071.78 

7,632.19 

1,492.15 

36.65 

49, 836. 95 

48,120.25 

9, 561.  49 

3, 453.  64 

872.  42 

2, 981.  64 

11,454.25 

41,146.03 


636, 145.  73 
116,976.50 
519, 169.  23 


1,729.86 
41,700.03 

6, 288.  94 
31,511.15 
1,525.67 
2,681.61 
7,518.09 
3, 808.  26 
7, 869. 09 
5, 572.  90 


110,205.60 


3,516.07 

72, 885.  50 

186, 566.  55 

37, 753.  04 

100, 255.  25 

5.5,471.42 

56,377.60 

3,093.75 

5,781.14 

6,061.03 

33,581.77 

49, 524.  45 

34.899.76 


645, 767. 33 


599. 54 

904. 94 

8,060.17 

2,976.93 

1,616.08 

18, 336.  49 


32,494.15 
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Table  No.  19. — Detailed  cost,  Cristobal  terminals,  to  June  30,  1916 — Continued. 


COALING  PLANT- 

Floor: 

Surveys 

Reinforcements  in  place 

Fixed  irons  in  place 

Concrete  for  doors 

Forms  for  lloors 

Structural  steel  decking 

Finishinj; 

riant  arbitrary 

Division  expense -  — 


-continued. 


Total  division  cost. 


Superstructure: 

Stocking  and  reclaiming  bridges- 
Contract  payments 

Testing 

Other  erection  expenses 

Division  expense 


Quantities.        Amount. 


Cubic  yards. 


Total  division  cost. 


Unloader  towers — 

Contract  payments 

Testing 

Other  erection  expenses. 
Division  expense 


Total  division  cost. 


Reloader  towers — 

Contract  payments 

Testing 

Other  erection  expenses. 
Division  expense 


Total  division  cost. 


Conveyor  system — 

Contract  payments 

Other  erection  expenses- 
Wharf  bunker 

Tower 

Viaduct  system 

Transformer  house. . 

Division  expense 


Total  division  cost. 


Accessories: 

Installation  of  controlling  devices. 

Electrical  installation 

Division  expense 


Total  division  cost. 


Miscellaneous: 

Permanent  tracks  on  groimd 

Tracks  and  fastenings 

Concrete  in  permanent  tracks 

Track  scales 

Fender  system 

Riprapping  under  wharves 

Permanent  water  mains 

Retaining  walls  for  private  coal  storage. 

Grading  and  cleaning  up  dry  storage 

Cleaning  up  outside  coal  storage  area . . . 

Office  and  machine  shop 

Toilets 

Division  expense 


Total  division  cost. 


Plant,  to  be  adjusted . 


Total  division  cost  coaling  plant 

Total  division  cost  coaling  plant,  including  dredging. 


Unit  cost. 


«1,482.82 

21,811.96 

7, 450.  70 

80, 241.  54 

63,886.44 

268, 105. 57 

2,572.35 

7, 458.  55 

21,278.38 


474,288.31 


418,984.01 

101. 24 

7,333.29 

67.94 


426,486.48 


300,333.46 
3,813.16 
8,050.81 
1,191.01 


313,388.44 


197,801.89 

120. 58 

23.39 

42.84 


197,988.70 


457, 662. 64 

15, 212. 30 

1, 048. 12 

■  2,008.52 

2,948.43 

3,752.66 


482,632.67 


2, 521. 11 

4, 904. 88 

42.19 


7, 468. 18 


2, 143.  83 

26, 571.  91 

321.  94 

4,471.27 

30,934.69 

7,084.54 

13, 615.  85 

196.  76 

4, 900.  35 

2, 151.  64 

20, 895.  06 

7.58 

8, 738.  99 


122,034.41 


1  11, 431.  76 


2, 964, 834.  39 
3,600,980.12 


'  Indicates  credit. 


63503°— 16- 


-27 


$4. 6351 


394  THE   PANAMA   CANAL. 
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Quantities. 

Amount. 

Unit  cost. 

FUEL-OIL  HANDLING  PLANT. 

Storage: 

United  States  tanlis  Nos.  1  and  2— 

Surveys 

Cubic  yards. 

$298.  68 
2,415.00 
3,964.11 
4,505.85 
31, 405.  13 
1, 103.  37 
2,119.31 
3,642.12 
238.17 
2, 236.  81 

T.anrl  daniiifos. .  . 

Roadways  and  walks 

Tank  foundations 

Contract  price ' 

Concrete  gutters  and  aprons .   .                          . .           . .               

Painting 

Miscellaneous  pipe-line  connections 

Miscellaneous  charges .     . 

Design  and  supervision 

Total  division  cost 

51, 928.  55 

United  States  tank  No.  9— 
Tank  foundation 

187.  03 

838.  57 

1,041.93 

176.  89 

Tank  erection 

Fire  walls 

Total  division  cost 

2, 244.  42 

Oil-pump  plant: 

Boiler  and  pump  house- 
General 

6,585.31 
2,901.86 

10,025.69 
4,611.94 
2,666.97 

13,612.46 
3,009.15 
2, 287.  21 
4, 404.  98 
3,844.43 
1,033.26 
536.  47 

1,039.92 
15, 427.  44 

Design  and  supervision 

Structiu-e 

Concrete  drains  and  sewers 

Machinery  foundations 

Cost  of  equipment 

Installation,  boiler  and  stack 

Installation,  auxiliary  apparatus    

Installation,  steam  and  water  fittings 

Installation,  oil  pumps 

Electrical  installation 

Manifold- 
Foundations 

Installation 

Total  division  cost 

71,987.09 

Oil  docks: 

Design  and  supervision 

115.  97 

12.03 

115. 15 

Preliminary  and  general  work 

Installation  of  equipment                           .... 

Total  division  cost 

243. 15 

Pipe  lines: 

29, 766.  91 

12,414.82 

1, 679.  04 

Installation  12-inch  lines 

Installation  10-inch  line  to  (Jatun 

Total  division  cost 

43, 860.  77 
170, 263.  98 

Total  division  cost  oil-fuel  storage          ...        

Gasoline  storage: 

Tank  foundation .                        

877.  76 

6, 562.  13 

3, 221.  26 

1, 138.  03 

659.11 

1%.  70 

143.  55 

Tank 

Housing 

Pipe  lines 

Fencing,  etc 

Firewalls 

Total  division  cost  gasoline  storage 

12, 698.  54 
182, 962.  52 

Total  division  cost  Cristobal  terminals 

3, 783, 942.  64 
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Table  No.  20. — Detailed  cost,  lenninal  facilities,  Balboa,  to  June  SO,  1916. 


Quantities.  Amount. 


Unit 
cost. 


PREPARING  SITES,  GENERAL. 

Preliminary  and  general  work: 

Surveys 

Cleuring 

BorLnj;  and  test  [lits 

lienio  val  of  buildings 

Removal  and  rearrangement  of  Panama  Railroad  traclcs. 

Removal  of  roads,  water  mains,  and  lines 

Panama  Railroad  dock 

Removal  of  quartermaster  material  yard 

Construction  new  dredge  landing 

Removal  of  landing  stage  for  Union  Oil  Co 

General  tracks 

Drainage  around  Balboa  wye  and  yards 

Division  expense 


Cvbic  yards. 


Total  division  cost. 


Preparing  sites,  general: 

Fill  between  Panama  Railroad  yard  and  back  line  of  piers 
from  stations  0  to  30 

Fill  liack  of  quay  wall  "'D-E''  to  station  12,  west  end  of 
liuilding  No.  1 

Fill  from  Panama  Railroad  yard  to  Diablo 

Diablo  Hill  excavation 

Sosa  Hill  and  Sosa  Dam  excavation 

Concrete  drain  ditch,  Sosa  Hill 

Division  expense 


Total  division  cost . 


Curundu  River  drainage  culvert: 
Preliminary  and  general  work- 
Surveys  

Designing 


Total. 


Foundations- 
Clearing  

Excavation  by  hand 

Wooden  piles linear  feet. . 

Back  fillmg 

Pumps 


Total. 


Concrete — 

Concrete 

Reinforcements . 

Pumps 

Tracks 

Tidal  gate 


Total 

Division  expense . 


Total  division  cost . 


Total  division  cost,  preliminary  work,  and  preparing  site. 

Dredging  inner  harbor: 

Clearing 

Operation  sea-going  suction  dredges 

Repairs  seagoing  suction  dredges 

Depreciation  seagoing  suction  dredges 

Operation  small  ladder  dredges 

Repairs  small  ladder  dredges 

Depreciation  small  ladder  dredges 

Operation  3-yard  ladder  dredges 

Repairs  3-yard  ladder  dredges 

Depreciation  3-yard  ladder  dredges 

Operation  small  dipper  dredges 

Repairs  small  dipper  dredges 

Operation  pipe-luie  dredges 

Repairs  pipe-line  dredges 

Depreciation  pipe-line  dredges 

Operation  tugs,  clapets,  and  scows 

Repairs  tugs,  clapets,  and  scows 

Depreciation  tugs,  clapets,  and  scows 

Operation  rock  breakers 


220,  768 

65, 822 

446, 660 

233, 300 

418,562 

368 


2,471 
18,412 


1,664 


8, 350,  467 

224,951 

224,951 

224, 951 

2, 240, 897 

2, 240, 897 

2, 240, 897 

10,000 

10,000 

10,000 

17, 899 

17, 899 

5, 856, 720 

5, 856,  720 

5, 856,  720 

2, 268, 796 

2, 268, 796 

2,  268,  796 

24, 504 


$31,544.28 

14,2:35.77 

1,297.  S2 

67, 579. 19 

110,931.  :32 

19,848.21 

10,385.99 

5, 609.  56 

1, 304.  02 

10, 627. 07 

58, 473.  83 

699. 36 

11,579.81 


344, 116.  23 


65,801.85 

57, 516. 02 

258,119.44 

88, 397.  46 

245, 457. 01 

5, 003. 12 

5, 599.  67 


725, 894. 57 


288.06 
24.00 


312. 06 


153. 16 

3,786.11 

16, 883. 55 

111.59 

328.  88 


21, 263.  29 


12,121.64 

4, 460. 93 

909.  36 

29.71 

144. 53 


17, 666. 17 
1, 895.  49 


41, 137.  01 


1,111,147.81 


8, 211. 80 

10,338.51 

3, 505. 95 

1, 260. 57 

97, 596.  22 

57, 420.  67 

12, 635.  56 

1, 166.  71 

853. 11 

100.00 

2,  747.  34 

1, 195. 14 

286,  740.  58 

191,913.86 

107, 751.  82 

144,310.93 

62,  727. 93 

917.08 

4, 203.  86 


80. 2981 

.8738 
.5779 
.3789 
.5864 
13. 5954 


1. 5322 
.9170 


.0010 
.0460 
.0156 
.0056 
.0436 
.0256 
.0056 
.1167 
.0853 
.0100 
.1535 
.0668 
.0490 
.0328 
.0184 
.0636 
.0276 
.0004 
.1716 
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Table  No.  20. — Detailed  cost,  terminal  facilities,  Balboa,  to  June  30,  1916 — Continued. 


Quantities. 


PREPARING  SITES,  GENERAL— Continued. 

Dredging  inner  harbor— Continued. 

Repairs  rock  breakers 

Depreciation  rock  breakers 

Operation  drill  barges 

Repairs  drill  barges 

Depreciation  drill  barges 

Operation  miscellaneous  floating  equipment 

Repairs  miscellaneous  floating  equipment 

Depreciation  miscellaneous  floating  equipment. 

Blasting 

Pipe  lines 

Dikes 

Channel  lights 

Ditching 

Lockage 

Sluicing 

Division  expense 


Total  division  cost . 


Reclaiming  land: 

Clearing 

Pipe  lines 

Dikes 

Operation  relay  pumps. 
Repairs  relay  pumps. . . 

Ditching 

Plant  arbitrary 

Division  expense 


Total  division  cost 

Total  division  cost  dredging. 


Entrance  basin  dry  excavation: 

Surveys 

Clearing 

Drilling 

Blasting 

Excavation  by  power 

Excavation  by  hand 

Tracks 

Transportation 

Incline  trestle 

Dumps 

Drainage  and  pumyjs 

Maintenance  of  equipment. . 

Plant  arbitrary 

Division  expense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Net  division  cost  entrance  basin . 


MAIN   1>RY   DOCK. 


Preliminary  and  general  work: 

Designing 

Surveys 

Boring  and  test  pits 

Inspection  in  the  United  States. 

Inspection  on  the  Isthmus 

r.ranite  from  Cocoli  Island 

V       Testi7ig  material 

Construction  tracks 

Cleaning  up 

Auxiliary  pumping 

Division  expense 


Total  division  cost. 


Cubic  vards. 

24,  .504 

24, 504 

417 

417 

417 

8, 3.30, 467 

8, 350, 467 

8, 350, 467 

8,  .350, 467 

5,  a56,  720 

5, 856,  720 

6, 350, 467 

8, 350, 467 

8, 350, 467 

8, 350, 467 

8, 3riO,  467 


8, 350. 467 


5,  893, 731 
5, 6!i3,  731 
5,893.731 
6, 893, 731 
5,893,731 
5, 893, 731 
5, 893, 731 
5, 893,  731 


S,  893, 731 


402, 455 
402, 455 
402.  455 
402,  455 
402,  4.55 
402,4.55 
402,  4.55 
402, 455 
402, 4.55 
402, 4.55 
402, 455 
402, 4.55 
402, 4.55 
402, 4.55 


402,4.55 
4,271 


Dry  excavation: 

Clearing 

Drilling 

151a,sting 

Excavation  by  power. 
Excavation  by  hand.. 

Tracks 

Transportation 

Incline  trestle 

Dumps 


,596,8,85 
.596, 885 
.596,  .885 
59li,  SS5 
596, S85 
.596, 885 
.596, 885 
596, 885 
.596,  .885 


$3, 539. 53 

81.16 

918.  67 

36.21 

37.75 

32, 088. 56 

23, 972.  52 

89.62 

76.33 

73, 5.58. 15 

4, 273.  45 

3,316.11 

1, 974. 95 

25.22 

2,219.83 

76, 1.38.  65 


1,217,944.35 


459. 91 
23, 399. 58 
78,801.59 
139,000.27 
19, 738.  31 
4,597.07 
1,391.09 
13, 844.  29 


281, 232. 11 
1,409,176.46 


18.17 

5, 488. 25 

58, 890.  56 

39, 449. 64 

36,038.35 

95.  80 

.52,642.90 

.50,698.94 

2,020.98 

4, 719.  .56 

23,371.32 

45, 164.  49 

.52, 440.  70 

13,151.78 


384,191.44 
3,203.25 


380,988.19 


38, 712.  02 
31,3.50.08 
10,6.57.10 

4,327.31 

235. 67 

12.  85 

2,325.35 
12,461.40 
16, 012.  .50 

4,879.45 
11,083.33 


132,057.06 


7,898.96 
90, 456.  87 
.59,921.92 
.53,016.22 
14,78,5.09 
77,221.07 
79,378.51 
4,140.76 
6,792.62 
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MAIN  DRY  DOCK— continued. 


Dry  excavation — Continuod. 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  expense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Net  division  cost . 


Preparing  foundations: 

Drilling 

Blasting 

Excavation 

Tracks 

Transportation 

Drainage  and  pumps 

Maintenance  of  equipment. 
Division  expense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Net  division  cost . 


Concrete  masonry,  mass: 

Cement ." 

Sand 

Stone 

■    Mixing 

Forms 

Placing 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  expense 


Quantities. 


Cubic  yards. 

5%,  SS.-) 

596, 885 
596, 885 


596, 885 
6, 836 


Total  division  cost. 


Concrete  masonry,  reinforced: 

Cement 

Sand 

Stone 

Mixing 

Forms 

Placing 

Reinforcements 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Granite: 

Handling  to  site.. 

Placed  in  sill 

Placed  in  walls . . . 
Division  expense . 


Total  division  cost. 


Pumping  plant: 

Contract  payments 

Installation — 

Switchboards  and  cal  ile  runs 

Main  and  drain  pump  motors 

Pumps,  piping,  \alves,  shafting  and  bearings 

Structural  steel  for  floors  and  stairs 

Pressure  plant ,  control  board,  pressure  piping  and  indi- 
cator wiring 

Water  le\  el  indicator  and  drain  pump  alarm,  bilge  pump 
motor  and  its  control 

Alt  orations 

Ot  her  expenses 

Maintenance  of  equipment 

Di'  ision  e.xpense 


Total  division  cost 

Miter  gates:  Original  cost  of  gates  and  operating  machinery. 


3S.-)11 

:?s.  til 
3S,  411 
3N,411 
38,411 
38,411 
38,411 
38,411 


38,411 
984 


141,092 
141,092 
141,092 
141,092 
141,092 
141,092 
141,092 
141,092 
141,092 
141,092 


141,092 


42,432 
42, 4:32 
42, 432 
42, 432 
42,432 
42,4:32 
42, 432 
42,432 
42,432 
42,4:32 
42,432 


42, 432 


Amount. 


$26,176.62 
74;:572. 10 
75, 47.5.  42 
21,147.40 


.590, 813. 56 
5,127,00 


585, 686. 56 


11,674.51 
3,183.79 

45,996.09 
218.43 
7,512.88 
3, 565. 52 
7,357.33 
7,119,25 


86, 627,  80 
738.  00 


210, 722.  57 
39, 200.  77 

108, 584. 35 
39, 661. 22 
79,163.17 
49,372.47 
6.54.92 
15, 450. 70 
21,397.49 
17,367.01 


581,. 574. 67 


90, 177. 11 

5, 888. 63 

42,528,47 

13,965,60 

56,697.95 

17,019.88 

31,553.61 

183.37 

6, 754.  55 

9,206.03 

12,142.83 


286,118.03 


1,405.15 
14,364.88 
18,998.32 

1,301.00 


36,069.35 


112,216.99 

4,473.86 

954. 28 

6, 575. 58 

4,  796. 14 

3, 608. 36 

261.89 

171.08 

3, 226. 58 

1,720.01 

1,.S13.89 


1:59, 818.  66 
132,147.15 


Unit 
cost. 


SO.  0439 
.1246 
.1264 
.0354 


,7500 


,3039 
.0829 
1. 1975 
,0058 
.  1956 
.0928 
.1915 
.1853 


2.  25.53 
.7500 


1.4935 
.2778 
.  7696 
.2811 
.5611 
.3499 
.  0046 
.1096 
.1517 
.1231 


4. 1220 


2. 1252 
.1388 

1.0023 
.3291 

1. 3362 
.4011 
.7436 
.0043 
.  1.592 
.2170 
.2862 


6.  74.30 
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Quantities. 


MAIN  UKY  DOCK— continued. 

Erection  of  gates: 

Preliminary  work , 

Handling  material  to  .site , 

Bolting  up  and  reaming 

Erecting tons. . 

Riveting , 

Drilling  and  tapping 

Grinding , 

Caulking 

Finishing 

Painting , 

Alterations 

Greenheart 

Gate  carriage 

Mechanical  installat  ion 

Foot  walks  and  handrails 

Inspection 

Maintenance  of  equipment 

Division  expense 

Total  division  cost 

Miter  gate  machinery: 

Installation 

Division  expense 

Total  division  cost 

Miter  gate  anchorage: 

Installation 

Division  expense 


Cubic  yards. 


1, 046. 94 


Total  division  cost. 


Back  filling: 

Filling  in  place. . . 
Plant  arljitrary . . . 
Division  expense . 


Total  division  cost. 


Miscellaneous: 

Valves,  wagon  body,  with  machinery  and  accessories. . 

Valves,  sluice,  with  accessories,  including  housings 

Blocks  and  fenders 

Capstans 

Bollards 

Gratings 

Sewerage 

Stairs,  extra  work 

Crane  tracks 

Fittings  and  bilge  block  slides 

Structural  reinforcement  at  caisson  seal 

Ducts,  manholes,  transformers  and  cables 

Handrails  and  stanchions 

Pump  well,  motor  floor,  house  over,  stairs  and  fittings. 

Piping  and  valves  for  air  and  wafer 

Rail  reinforcement,  including  anchoring  to  rock 

Water  stops,  yellow  metal 

Grouting  under  pressure 

Finishing  and  painting  concrete  walls  and  floors 

Tile  tide  gauges 

Entrance  doors,  etc 

Track  scales 

Sliding  gauges 

Dry  dock  equipment 

Maintenance  of  equipment 

Division  expense 


86, 780. 00 
86, 780. 00 
86, 7.S0. 00 


Total  division  cost 

Total  division  cost  main  dry  dock. 


811,201.. 38 

2, 136.  79 

22, 729.  ;?S 

9,811.40 

14,176.10 

3.211.85 

1, 096.  63 

4, 430.  72 

3,433.74 

7,  870.  41 

648.  &5 

26,920.23 

8,318.62 

447.  70 

381.68 

2,933.04 

3, 542.  89 

7, 192.  66 


130,4,84.07 


4,903.32 
192.97 


5,096.29 


302. 32 
34. 92 


50, 746. 32 
6,925.14 
2,  488.  66 


60.160.12 


28, 406. 51 

33, 930. 34 

860. 15 

9, 137.  82 

4, 848.  87 

4,  889.  42 

26, 300. 65 

1, 202.  45 

38, 826.  26 

57, 435.  82 

6, 245.  48 

9,853.18 

910. 26 

2, 602.  87 

25,731.76 

20, 575.  49 

3, 5a3. 95 

1,466.16 

3, 546.  88 

476. 50 

554.73 

228. 12 

248. 97 

36.  43 

4,324..'-)2 

9,149.12 


295, 352. 71 


2, 470, 791 . 71 
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),  1916— ConlinuGd. 


ENTRANCE  PIER. 


Preliminary  and  general  work: 

Posigns 

Surveys 

Inspection  in  the  ITnited  States. 

Construction  tracks 

Cleaning  up 

Division  expense 


Total  division  cost. 


Dry  excavation : 

Clearing 

Drilling 

Blastins 

Excavation  by  power 

Excavation  by  nand 

Tracks ." 

Transportation 

Dumps 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  e.xpense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Xet  division  cost . 


Preparing  foundation: 

Drilling 

Blastin? 

Excavation 

Tracks 

Transportation 

Drainage  and  pumps 

Maintenance  of  equipment . 
Division  expense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Quantities. 


Ciibic  yards. 


Amount. 


Net  division  cost . 


Concrete  masonry,  mass: 

Cement 

Sand 

Stone 

Mixing 

Forms 

Placing 

Drainage 

Maintenance  of  equipment . 

Plant  arbitrary 

Di\'ision  expense 


Total  division  cost . 


Concrete  masonry,  reinforced: 

Cement .' 

Sand 

Stone 

Mixing 

Forms 

Placing 

■R  einforcements 

Drainage 

Maintenance  of  equipment . 

Plant  arbitrary 

Division  expense 


Total  division  cost . 


Back  filling:  Back  fill,  dumping,  and  grading. 


98, 912 
98, 912 
98,912 
98,912 
98, 912 
98,912 
98, 912 
98,912 
98,912 
98, 912 
98,912 
98,912 


98,912 
2,683 


8,427 
8,427 
8,427 
8,427 
8,427 
8.427 
8,427 
8,427 


8,427 
1, 1.53 


2.688 
2,688 
2, 688 
2,668 
2, 688 
2,688 
2,688 
2,688 
2,688 
2,688 
2,688 


85,976.18 

3, 504. 85 

386. 14 

28.61 

S25.  97 

1,159.13 


11.880.88 


8.04 

6, 797.  20 

3,  .591.. 59 

7, 996.  48 

60.23 

4,998.18 

16,661.02 

780. 81 

3, 447. 95 

11, 189. 82 

15,  738.  24 

2,616.84 


Unit 
cost. 


73, 886. 40 
1,341.50 


72, 544.  90 


2, 528. 96 
877. 84 
10,644.62 
1,364.43 
1,386.41 
3, 004.  26 
2,101.34 
1,721.73 


23,629.59 
864.  75 


22, 764. 84 


29,  496. 03 
554. 10 

16, 366.  82 
7, 305.  45 

11,757.96 
5,314.93 
510.  25 
2, 510.  25 
3,701.10 
2, 478. 91 


79, 995. 80 


2, 688 


5, 908.  47 
201.42 

2, 776.  94 
915. 76 

5,895.15 
990.07 

4, 408. 96 
164.05 
689. 57 
781.. 38 
976. 00 


23, 707.  77 


127. 65 


.0001 
.  0687 
.  0363 
.0808 
.0006 
.  0505 
.1084 
.0079 
.  0349 
.1131 
.1592 
.0265 


.7470 
.5000 


.3001 
.1042 
1. 2032 
.1619 
.  1645 
.  3565 
.  2494 
.2042 


2. 8040 
.  7500 


1. 7801 
.0334 
.9877 
.4409 
.7096 
.3208 
.  0308 
.  1515 
.2234 
.  1495 


4.8277 


2. 1981 
.0749 

1. 0.331 
.3407 

2. 1932 
.3683 

1.6402 
.0610 
.2565 
.2907 
.3632 


8.  8199 
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Unit 
cost. 


ENTRANCE  PIER— continved. 
Miscellaneous: 

Structural  steel  framing tons. 

( 'rane  tracks,  steel 

Anchonng  concrete  to  rock,  including  drilling 

Fender  piles 

Electric  ducts,  manholes,  and  pipes 

Bollards 

Fixed  iron  and  steel 

Piping  and  valves 

( 'oncr°te  floor  slab 

Tile  tide  gauges 

Flooding  valves 

Grouting  imder  pressure 

Finishing  and  planting  concrete 

Maintenance  of  equipment 

Division  expense 


Cubic  yards. 
4!>3.  40 


Total  division  cost . 


Total  division  cost,  entrance  pier. 


COALING  PLANT. 

Preliminary  and  general  work: 

Designing 

Surveys 

Boring  and  test  pits 

Clearing 

Inspection  in  the  United  States 

Division  expense 


Total  division  cost. 


Coal-storage  area: 
Dry  excavation — 

Clearing 

Drilling 

Blasting 

Excavation 

Excavation  by  hand 

Tracks 

Transportation 

Dumps , 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Preparing  foundations — 

Drilling 

Excavation 

Tracks 

Drainage  and  pumps 

Maintenance  of  equipment. 
Division  expense 


Total  division  cost. 


Concrete  masonry- 
Cement 

Stone 

Sand 

Mixing 

Forms 

Placing 

Reinforcements  in  place. . . 

I^adders  and  fittings 

Pipe  piling 

Drainage  and  pumps 

Maintenance  of  equipment. 

Plant  arbitrary 

Division  expense 


Total  division  cost. 
Back  filling- 
Filling  and  grading. . 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


.|2,i,  854.  4.3 

2, 097.  71 

8,051.05 

6,31,5.42 

228. 60 

779. 05 

678.  40 

1,  .S89.  87 

16,681.28 

27.  75 

115.  .30 

2, 506.  76 

15.  54 

1,243.75 

2, 224.  42 


S52. 3805 


68, 209. 33 


279,231.17 


10,637.91 

5,373.16 

1,064.65 

82.25 

24, 6S6. 87 
2,842.06 


44,636.90 


190,955 
190,955 
190,955 
190,955 
190.955 
190,955 
190,955 
190,955 
190,955 
190,955 
190, 955 
190, 955 


4, 128. 55 
24,547.99 

9,562.30 
15,520.77 

2,708.09 
15,279.67 
17,619.14 

1, 180. 25 

6, 116. 14 
18,265.30 
25,982.88 

3,992.90 


190, 955 


144,909.98 


1,256 
1,256 
1,256 
1,256 
1,256 
1,256 


1,256 


9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 
9,821 


9,821 


66,  .338 
66,338 
60,  .338 


66, 338 


114. 93 

3,617.06 

2,837.17 

13.  ,58 

416. 25 

675. 41 


7,674.40 


11,297.23 

5,961.24 

1,734.41 

3,419.90 

10,074.23 

14,868.77 

4,818.28 

199.  ,33 

2,093.59 

88.22 

1,057.11 

1,141.43 

3,500.83 


60,314.57 


22,801.82 

390.12 

1,263.64 


24,465.58 
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Quantities. 

Amount. 

Unit 
cost. 

co.\LiNG  PLANT— continued. 

Coal-storage  area— Ccntinuetl. 
Grading  door- 
Grading  

Cubic  yards. 

$2,  .318.  89 

1,550.95 

5,578.76 

847.01 

Cleaning  up 

Drainage 

Division  expense 

Total  division  cost 

10,301.01 

Miscellaneous- 
Piping  and  valves  for  Hre  protection 

1,026.04 
9.07 

Tracks 

■ 

Total  division  cost 

1,635.71 

Total  division  cost,  coal-storage  area 

249,291.85 

Coal-handling  plant: 

Foundations  for  stocking  and  reclaiming  cranes- 
Excavation .   . 

1,032 

4,848 

4,444.06 

37,555.09 

1,913.40 

80.31 

249. 75 

875. 61 

15,533.56 

448. 99 

2,425.91 

483. 25 

789. 63 

3,575.01 

$4.  3063 

Concrete 

7.7465 

Reinforcements 

Drilling 

Blasting 

Fixed  iron 

Tracks,  permanent 

Back  filhng 

499 

.8998 

Pile  foimdations 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 

Total  division  cost 

68,374.57 

Erection  of  stocking  and  reclaiming  cranes— 

Berm  cranes 

38,277.00 
29, 154.  25 
31,170.38 
9,. 387. 01 
15,880.01 
4,215.57 
2,537.92 
5,440.14 

Steel  erection ; tons. . 

Alterations 

1,097.80 

26. 5570 

Machinery  installation  and  housing. .  •. ,' 

Electrical  installation 

Preliminary  maintenance ' 

Maintenance  of  equipment 

Division  expense 

Total  division  cost 

1.36,068.28 

Unloader  towers- 
Contract  payments 

147,399.06 

323. 25 

6, 069.  .35 

364.6a 

Testing 

Other  erection  exjwnses 

Division  expense 

Total  division  cost 

154, 156. 31 

Reloader  towers- 
Contract  payments 

62, 167. 04 

565.00 

1,447.12 

54.74 

Testing 

Other  erection  expenses 

Division  expense 

Total  division  cost 

64,253.90 

Conveyor  system- 
Contract  payments 

184,677.35 

565.00 

34, 126.  68 

267.  80 

Testing 

Other  erection  expenses 

Division  expense 

Total  division  cost 

219, 636.  83 

Miscellaneous— track  scales 

1,111.16 

Total  division  cost,  coal-handling  plant 

613,601.05 
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SEA  WALL  AND  UNLOADER  WHARF. 


Preliminary  and  general  work: 

Designing 

Surveys 

Boring  and  test  pits 

Tracks 

Cleaning  up 

Division  expense 


Total  division  cost. 


Dry  excavation: 

Drilling 

Blasting 

Excavation  by  power 

Excavation  by  hand 

Tracks 

Transportation 

Drainage  and  pumps 

Incline  and  cofferdam  changes. 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 


Total  division  cost 

Less  spoil  for  other  divisions. 


Net  division  cost . 


Preparing  foundation: 

Drilling 

Blasting 

Excavation 

Tracks 

Transportation 

Drainage  and  pumps 

Maintenance  of  equipment . 
Division  expense 


Tota  1  division  cost 

Less  spoil  for  other  divisions. 


Net  division  cost . 


Substructure: 
Cylinders- 
Steel  cylinders  in  place 

Excavation  inside  of  cylinders. 

Pumping 

Maintenance  of  equipment . . . . 


Total. 


Concrete  filling  for  cylinders. 
Reinforcements  in  cylinders. 

Pumping ." 

Maintenance  of  equipment... 
Plant  arbitrary 


Total 

Division  expense . 


Total  division  cost. 


Concrete  masonry,  mass: 

Cement .' 

Sand 

Stone 

Mixing 

Forms 

Placing 

Reinforcements 

Drainage  and  pumps 

Maintenance  of  equipment . 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Quantities. 


Cubic  yards 


78,906 
78,900 
78, 906 
78,906 
78,906 
78, 906 
78,906 
78,906 
78,906 
78, 906 
78,906 


78,906 


6,876 
1,006 


158 
158 
158 
158 
158 


19,508 


$?,339.91 

3,823.11 

532.  32 

191.  67 

1,356.47 

883.  .58 


9, 127.  06 


14,197.10 

6,076.24 
10,491.19 
10,701.96 
10,884.09 
11,048.41 

5,962.76 
27,577.60 

9,577.00 
10, 697. 98 

4,859.47 


122,073.80 
664.  50 


121,409.30 


682. 58 

121.82 

9, 493.  72 

183.  41 

847. 19 

2, 804. 30 

1,277.05 

1,287.86 


16,697.93 
754. 50 


15,943.43 


2, 836. 96 

779.  87 

54. 37 

71.14 


3,742.34 


591. 65 
275. 00 

10.51 
3.29 

53.72 


934. 17 
139. 35 


4,815.86 


35, 828. 98 
195.  80 

16,153.11 
8,075.01 

18,025.()6 
7,332.16 
1,133.97 
404.  42 
1,. 51 8.  51 
3,747.05 
3, 456. 30 


95,871.57 


REPORT   OF    AUDITOR.  403 

Table  No.  20. — Detailed  cost,  terminal  facilities,  Balboa,  to  June  30,  1916 — Continued. 


SEA  WALL  AND  UNLOADER  'WHARF— Continued. 


Concrete  masonry,  reinforced: 

Cement ." 

Sand 

Stone 

MLxing 

Forms 

Tlacinp 

Reinforcements 

Drainage  and  pumps 

Maintenance  of  equipment . 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Miscellaneous: 

Structural  steel tons. 

Concrete  covering  beams  and  girders 

Tracks  and  fastenings 

Fenders 

Bollards  and  cleats 

Anchors  and  deadmen 

Riprap 

Piping 

Back  fill 

Ladders  and  fittings 

Electric  ducts,  manholes,  and  pipes 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Total  division  cost,  sea  wall  and  unloader  wharf. 

EELOADER  WHARF. 


Preliminary  and  general  work: 

Designs 

Surveys 

Clearing 

Test'Jig  material 

Dredging  under  (luay 

Construction  tracks.". 

Construc'lon  trestles  and  pile  supports. 

Cleaning  up 

Division  expense 


Quantities. 


Cubic  yards. 
2,fil9 
2,()19 
2,619 
2,019 
2,<il9 
2,tJl9 
2,til9 
2,019 
2,019 
2, 019 
2,019 


Total  di\'ision  cost. 


Substructure: 
Cylinders- 
Steel  cjlinders  in  place 

Excavation  inside  of  cylinders. 

Pumping 

Maintenance  of  equipment 


Total. 


Concrete  filling  for  cylinders . 
Reinforcement  in  cylinders . . 

Pumping 

Maintenance  of  equipment. . . 
Plant  arbitrary 


Total 

Division  expense . 


Total  division  cost. 


Superstructure: 

Structural  steel  decking tons. 

Reinforced  concrete  slab 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 


2,619 


758.  71 
3,304 


14,966 


7, 124 


6,182 
6,182 
6, 182 
6,182 
6,182 


6,182 


1, 560. 35 
4,757 


Total  division  cost. 


Amount. 


$5,88,5.99 

265.  65 

2,  .51 7.  47 

1,1.52.98 

6,081.64 

998. 32 

5,714.45 

132. 10 

708.  21 

605. 17 

1,158.59 


25, 820.  57 


34,9,30.37 

23,983.70 

6,  .58.5.  02 

8,744.21 

1,557.70 

4,843.19 

1,001.30 

1,341.14 

10,958.46 

199.  ii 

702.  55 

836.88 

655.  07 

2, 974.  84 


99,314.36 


372,302.15 


6, 708.  61 
4, 740. 08 
1,852.24 
15.61 
6,907.19 
3,515.83 
30,  ,590.  39 
1, 187.  98 
3,201.03 


58, 718. 96 


77, 612.  20 
14,301.51 
5,545.42 
9, 785. 53 


107. 244.  66 


24, 641. 35 

15,941.  .80 

1,866.42 

1,332.66 

2, 059. 88 


45,842.11 

5, 045. 01 


158, 131. 78 


82, 021. 01 

43, 615. 04 

1,001.57 

1,017.04 

2, 443.  18 


130,697.84 


Unit 
cost. 


$2. 2474 
.1014 
.9612 
.4402 

2. 5512 
.3812 

2. 1819 
.0504 
.2704 
.2312 
.4424 


9.  8589 


46.  0392 
7. 1295 


7322 


2. 0075 


3.9860 

2. 5787 

.3019 

.2156 

.3332 


7.4154 


52. 5658 
9.1686 
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RELOADER  WHARF— Continued. 
Filling: 

Back  filling 

Riprapping 

Maintenance  of  equipment 

Plant  arbitrary 

Division  expense 


Total  division  cost. 


Miscellaneous: 

Tracks  and  fastenings 

Fenders 

Bollards  and  cleats 

Anchors 

Piping  and  valves 

Electric  ducts,  manholes,  and  pipes. 

Tile  tide  gauges 

Maintenance  of  equipment 

Division  expense 


Total  division  cost. 


Total  division  cost,  reloader  wharf. 
Total  division  cost,  coaling  station. 


PERMANENT  SHOPS. 

Miscellaneous 

Steel  erection 

Machine  and  erection  shop 

Forge  shop 

Steel  storage  shed 

Boiler  and  shipfitters'  shop 

General  storehouse 

Paint  shop 

Car  shop 

Planing  mill 

Galvanizing  building 

Lumber  and  equipment  shed 

Pattern  storage  room 

Foundry 

Coke  shed 

Boiler  house 

Roundhouse 

Gas  house 

Toilets 

Paint  house 

Main  office 

Sand  house 

Compressor  plant  and  pump  house 

Lye  house 

Ice-storage  house 

Shop  tunnel 


Total  division  cost. 


Quay  wall,  north  of  concrete  dock: 

Preliminary  work 

Substructure 

Superstructure 

Miscellaneous 


Total  division  cost. 


Quay  wall,  south  of  concrete  dock: 

Preliminary  work 

Dredging 

Substructure 

Superstructure 

Miscellaneous 


Total  division  cost . 


Quantities. 


Cubic  yards. 
10, 5S9 
1,658 
12,247 
12,247 
12, 247 


12, 247 


Bulkhead  quay  wall,  between  wharf  and  Pier  No.  1: 
Preliminary  work 


Subslructuro. 

Superstructiire. 

Miscellaneous... 


Total  division  cost. 


85, 670. 42 
1,621.05 

287.90 
1,906.02 

335. 17 


9, 820. 56 


3, 512.  28 

6, 251. 96 

759. 17 

66, 250. 91 

3, 033.  72 

1,404.70 

32.03 

1,637.88 

3, 179.  77 


86, 062.  42 


443,431.56 


1, 753, 263. 51 


587,079.27 
34, 508.  77 

623,885.35 

214, 868. SO 

115,111.01 

220,615.12 

291,679.26 
55,866.08 
97,040.75 

192,509.14 
55, 519.  44 

116,079.98 
57,983.65 

253.956.61 
10,208.63 
24,457.73 

154,654.36 
20, 181.  47 
82,854.91 
10,753.73 

198, 146.  70 
12,395.81 

152,437.88 

2, 592. 65 

656.  SO 

155, 613. 16 


3,741,657.06 


11,193.88 
182,030.90 
210, 522.  36 

38,926.42 


442, 673. 56 


40,714.39 

12,059.60 

226,077.04 

143, 273.  79 

.54,777.  10 


476,902.22 


12,301.33 

(19,981.21 
.5H,:«1.  13 
79, 270.  64 


219,884.34 
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Pier  No.  1: 

Preliminary  work . 

Substructure 

Superstructure 

Pier  shed , 

Miscellaneous 


DOCKS — continued. 


Total  division  cost. 
Concrete  lumber  wharf. . 


Electrical  installation. 

Water  mains 

Air  mains 


Total  division  cost,  all  docks. 


FUEL-OIL-HANDLrNG  PLANT. 

Storage: 

United  States  tanks  Nos.  3  and  4 — 

Surveys 

Tracks 

Tank  foundations 

Contract  price 

Concrete  gutters  and  aprons 

Fire  walls 

Painting 

Miscellaneous  pipe-line  connections . . . 

Miscellaneous  charges 

Design  and  supervision 


Total  division  cost. 


United  States  tank  No.  5— 

Tracks 

Tank  foundation 

Tank  erection 

Fire  walls 

Pipe-line  connections. . . 
Design  and  supervision. 


Total  division  cost. 


Tank  farm- 
Preparing  site 

Surveys 

Water  mains 

Fencing 

Drainage 

Gravel  walks 

Design  and  supervision. 

Total  division  cost 


Quantities. 


Cubic  yards. 


Oil-pump  plant: 

Boiler  and  pump  house — 

General 

Design  and  supervision 

Structure 

Concrete  drains  and  sewers 

Machinery  foundations 

Cost  of  equipment 

Brick  setting 

Installation,  boiler  and  stack 

Installation,  auxiliary  apparatus 

Installation,  steam  and  water  fittings. 

Installation,  oil  pumps 

Electrical  installation 

Manifold- 
Foundation 

Installation 

Valve  indicators 


Total  division  cost. 


Amount. 


832, 874. 60 
353, 216. 48 
277,722.13 
210,459.73 
154, 127. 40 


1,028,399.34 


250, 622. 33 


7,966.52 
7. 162.  62 
3, 389. 93 


2,443,000.86 


194. 61 

53.15 

2,422.71 

31,405.14 

2,212.36 

6,836.72 

1,933.10 

1,093.64 

213.64 

617. 93 


46,983.00 


38.12 

302. 42 

7,049.93 

2,453.06 

150.95 

609.55 


10,604.03 


616.97 
909. 47 
3,584.49 
538.  32 
7,422.54 
1,060.62 
1,014.61 


15. 147. 02 


1,294.93 
2, 803. 74 

10, 758. 81 
1,268.35 
1, 514. 06 

17,977.85 
3,555.24 
2,087.69 
6,713.05 
1,692.06 
3,297.53 
1,993.70 

3, 370. 10 

15, 915.  §9 

82.59 


74, 325. 59 


Unit 
cost. 
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FUEL-OIL-HANDLING  PLANT— ConlinUed. 

Oil  docks: 

Design  and  supervision 

Preliminary  and  general  work 

Substructure 

Superstructure 

Miscellaneous 

Oil-boat  anchorage 


Total  division  cost. 


Pipe  lines: 

Installation,  6-inch  line,  crib  to  pumping  plant 

Installation,  10-inch  line,  crib  to  pumping  plant 

Installation,  10-inch  line,  pumping  plant  to  French  steel  pier 

Installation,  10- inch  line  to  reloader  wharf 

Installation,  12-inch  lines 

Installation,  pipe  line  to  Paraiso 


Total  division  cost. 


Dredging  berth  for  ships 

Total  division  cost,  oil-fuel  storage. 

Gasoline  storage: 

Tank  foundation 

Tank 

Housing 

Pipe  lines 

Fencing 

Fire  walls 

Design  and  supervision 


Quantities. 


Cubic  yards. 


Total  division  cost,  gasoline  storage 

Total  division  cost,  oil-fuel  and  gasoline  storage. 

Unabsorbed  plant.  Balboa  terminals 

Total  division  cost,  Balboa  terminal  facilities. . . 


$907. 55 

6,951.05 

27, 138.  82 

8, 150. 11 

990.  76 

14, 785.  36 


58, 923.  65 


1,711.16 
14, 304.  20 

3, 875.  76 
51.86 

8, 115.  34 
46, 241. 26 


74, 299.  58 


Unit 
cost. 


7,933.40 


288, 216.  27 


486.  23 

5.706.93 

2,979.23 

1, 506. 79 

337.  25 

396.41 

76.14 


11,488. 


299.705.25 


122, 226.  20 


14,101,188.22 


Table  No.  21. — Detailed  cost,  pei-manent  townsites,  to  June  30,  1916. 


Item. 


Preliminary  and  general  work. 

Preliminary  maintenance 

Road  construction 

Drainage 

Waterworks 

Sewer  svstem 

Walks.". 

Balboa  nursery 

Lot  improvements 

Street  lighting 

Underground  duct  system 

Improvements,  block  A 

Division   expense 


Total  division  cost 152, 123. 75 


La  Boca. 


$37,557.50 


31,869.40 
14,842.53 
20,779.72 
26, 328. 15 
6,084.34 


10,221.73 

4,440.38 


Balboa. 


$176,171.18 

10,519.78 

321,171.40 

7,903.21 

46,607.78 

171,587.04 

36,482.30 

1,576.79 

210,835.27 

28,119.30 

116.012.65 


39, 180. 78 


1,196,197.48 


Pedro 
Miguel 


$32,688.82 


20, 777. 72 
22,488.65 
19,597.24 
11,. 572. 72 
281.62 


6,463.05 
3,267.45 


2,355.67 


119,492.94 


Gatun.      Cristobal. 


$3.75 
4.892.46 
11,006.55 


15,902.76 


$5,296.73 
52, 092. 18 


57,388.91 
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Amount. 


DasigniiiR  and  preliminary  expen.ses,  new  buildings 

Administration  Iniililing,  Balboa  Heights 

Administration  building,  Santa  Rosa 

Paraiso  shops,  appraisal  ot  old  building , 

Storehouses: 

Oil  storehouse,  Balboa $31, 067.  22 

Forage  storehouse 6, 141).  (id 

Explosives  storehouse 4(U.  14 

Dredge  parts  storehouse 4, 720.  ;{2 

Oil  storehouse.  (•ristol)al 5, 800.  00 

Electrical  storehouse,  Balboa 2, 1,56.  79 

Electrical  storehou.se,  Oatun 1,911.50 

Appraisal  of  old  buildings 86,  .357. 07 

Hotels  and  mess  halls: 

Hotel  Aspinwall  landing  stage 1, 897. 34 

Cristobal  hotel 4, 804. 31 

Oatun  mess  hall 1, 759. 13 

La  Boca  mess  hall 7, 386.  39 

La  Boca  kitchen 2, 606.  67 

Appraisal  of  old  buildings 245, 443. 00 

Gold  cinarters: 

Four-family  concrete  quarters 1, 066, 094. 73 

Two-family  concrete  quarters 177, 536. 86 

Bachelor  concrete  ciuarters 69, 139.  25 

New  wooden  (juarters 187, 105. 81 

Reerected  wooden  iiuarters 2,38, 533. 25 

Appraisal  of  old  bu'ildings 1, 381, 015. 09 

Silver  quarters: 

New  wooden  quarters 42, 330. 37 

Reerected  wooden  quarters 196, 059. 28 

Appraisal  of  old  buildings 136, 837. 97 

Hospitals: 

Colon  hospital 176, 617. 66 

A  neon  hospital 180, 800.  70 

Dispensaries: 

Balboa  dispensary 16, 677.  79 

Pedro  Miguel  dispensary 300. 00 

Asylums: 

Corozal  asylum  buildings 72, 782. 28 

Dairy  shed 23, 562. 45 

Dairy  building 12,  .546. 53 

Hog  shed 8, 237. 88 

Compost  pit 537.  75 

Appraisal  of  Palo  Seco  buildings 37, 925. 46 

Quarantine  stations: 

Balboa  quarantine  station 38, 7.56. 88 

Balboa  quarantine  landing 26, 078. 40 

Medical  storehouse,  Aneon 

Post  offices: 

Corozal 1,  .592. 62 

Appraisal  of  old  buildings 34, 390. 00 

Schoolhouses: 

Concrete  white  school,  Balboa 334. 44 

Manual-training  school,  Balboa 4, 611. 85 

Concrete  white  school,  Cristobal 240.  44 

Appraisal  of  old  buildings 69,  515. 00 

Courthouses,  fire  and  police  stations,  etc.: 

La  Boca  fire  station 280. 22 

Balboa  fire  station IS,  335. 31 

Balboa  police  station 11, 190. 59 

Appraisal  of  old  buildings 60, 635. 44 

Fluviographs 

Terminal  office  building,  Balboa 


$16,079.62 

932,41.5.16 

127,960.85 

2, 800. 00 


138,614.70 
263, 896. 84 

3,119,424.99 

375, 227. 62 

357,418.36 

16,977.79 

1.55, 592. 35 


64, 835. 28 
22,  .393. 93 


35, 982. 62 


74,701.73 


90,441.56 
11,534.38 
70,594.76 
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Miscellaneous  buildings: 

Balboa  clubhouse $17, 4^1. 20 

Pedro  Miguel  clubhouse 19, 695.  77 

Cristobal  clubhouse 16, 000. 00 

Gatun  clubhouse,  silver  employees 1, 500. 00 

La  Boca  clubhouse 3, 989. 62 

Balboa  motor-car  house 11,  -148. 16 

Garages,  Ancon-Balboa  district 22, 432. 78 

Garage,  Cristobal 817. 18 

Office  and  storeroom,  Ancon 1, 035. 04 

Office,  store,  and  shop,  district  quartermaster,  Balboa  Heights 15, 184. 33 

Anemometer  tower,  Balboa  Heights 1, 747. 69 

Boathouse,  marine  division,  piers  1-2,  Colon 1, 887. 41 

Boathouse,  marine  division,  pier  IS,  Balboa 1, 656. 48 

Five  small  buildings 845. 17 

Corozal  cemetery 2, 113.  77 

La  Boca  lodge  hall 1,689.23 

Office  and  storeroom,  Pedro  Miguel 311. 56 

Appraisal  of  old  buildings 112, 207. 26 

Total  buildings 


Amount. 


$232,042.65 


6,108,935.19 


Table  No.  23. — Detailed  statement  of  classified  expenditures  in  health  department  for  the 
fiscal  year  1916,  and  from  the.  beginning  of  the  work  to  date. 


Fiscal  year 
1916. 


Total  to  June 
30, 1915. 


Grand  total. 


Administration 

Hospitals  and  asylums: 

Aledical  storehouse 

Aneon  hospital 

Colon  hospital 

Taboga  sanitarium 

Santo  Tomas  hospital 

Other  hospitals,  dispensaries,  and  sick  camps. 

Quarantine 

Sanitation,  Panama 

Sanitation,  Colon 

Street  cleaning  and  garbage  disposal,  Panama 

Street  cleaning  and  garbage  disposal.  Colon 

Zone  sanitation 

Street  cleaning  and  garbage  disposal,  Zone 

Const  ruction  of  buildings 

Repairs  of  buildings 

Corozal  farm 


Total. 


(') 

(') 
$145,347.63 
33, 128.  76 


11,136.23 
50,434.11 
27,362.13 
37,210.16 
26,925.69 
15,224.65 
13,428.91 
171,118.59 


$899, 223. 30 


52, 

4,194, 

1,995, 

131, 

83, 

2,247, 

440, 


$899, 223. 30 


20,986.87 


658, 

105, 

58, 

4,359, 

553, 
1,037, 

125. 

28; 


793. 87 
141.79 
294.  75 
428.43 
579. 69 
573. 87 
349.  73 
988.26 
635. 64 
936. 83 
179.48 
687. 93 
809.73 
745.06 
594.  40 
296. 93 


52, 

4,339, 

2,028, 

131, 

94, 

2,298, 

467, 

918, 

685, 

121, 

71, 

4,530, 

553, 

1,037, 

125, 

49, 


793. 87 
489.  42 
423.  51 
428.43 
715. 92 
007.98 
711.86 
198.  42 
561.33 
161.48 
608.39 
806.52 
809.73 
745.06 
594.  40 
283.80 


552,303.73 


17,853,259.69 


18,405,563.42 


1  "  Admmistration "  and  "Medical  storehouse "  were  prorated  to  other  units  of  health  department  after 
December,  1914. 

2  Construction  of  health  department  buildings  was  charged  to  "  Buildings"  beginning  July,  1914. 
8  Repairs  of  buildings  was  prorated  to  other  units  of  health  department  this  year. 
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Quantity. 

Cost. 

Unit  cost. 

ANCON  HOSPlT.\L. 

$19,858.41 
15,362.62 
4,169.88 
2,429.77 
5,129.19 
7,215.75 
2, 538. 87 
6,888.05 

63,592.54 

Operation  of  drug  store.           

13,144.94 
3,472.13 
12,254.90 
13,801.57 
7,  .564. 10 
26, 075.  .59 
10,142.03 

Bakery 

Gold  mess 

Silver  mess 

pounds,  bread.. 

rations.. 

do.... 

231, 103 
31,898 
59,261 

$0. 0327 
.8175 
.1711 

Dispensary: 

12,013.81 
4,132.50 

Total 

16,146.31 

Clinics: 

Direct  nvpenses 

6,631.62 
3,232.91 

Total 

9,864.53 

e.xaminations. . 

do.... 

do.... 

X-ray  department: 

Direct  expenses 

General  expenses 

722 
722 

1,762.87 
176.53 

2. 4694 
.2445 

Total 

722 

1,959.40 

2.713 

Undertaking: 

Direct  expenses 

6,183.76 
1,416.18 

General  expenses ^ 

Total 

7, 599. 94 

operations.. 

do 

do.... 

do.... 

do.... 

do.... 

patient  days. . 

do 

do.... 

do.... 

do.... 

do.... 

do 

Operating  room: 

General  expenses 

3,003 
3,003 

18.698.89 
4,170.11 

6.2268 
1.3886 

Total : 

3,003 

22,869.00 

7.6154 

Operating  room,  eye  and  ear: 

Direct  expenses 

General  expenses 

577 
577 

3, 162. 76 
1,132.99 

5.4814 
1.9636 

Total 

577 

4, 295. 75 

7. 4450 

\Vard  treatment. 

Section  A,  white,  male,  surgical: 

Direct  expenses 

Subsistence 

General  expenses 

22,921 
22,921 
22,921 

19,517.14 
13,  .366. 34 
6,482.41 

.8515 
.58.32 
.2828 

Total 

22,921 

39,365.89 

1.7175 

Section  B,  black,  male,  surgical: 

Direct  expenses 

Subsistence 

General  expenses    . 

45,026 
45,026 
45,026 

20,371.58 
9,158.14 
6,661.05 

.4524 

.2035 

1479 

do.... 

do.... 

do.... 

do.... 

do 

Total 

45,026 

36, 190.  77 

.80.38 

Section  C,  white,  medical: 

Direct  expenses 

Subsistence 

6,091 
6,091 
6,091 

16,149.04 
4,804.17 
5,945.27 

2.6513 

.  7887 
.9761 

Total 

6,091 

26, 898. 48 

4  4161 

63503°— 16- 
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Quantity. 

Cost. 

Unit  cost. 

.\NCON  HOSPITAL — Continued. 

Ward  treatment — continued. 

Section  D,  eye  and  ear: 
White  ward- 

..patient  days.. 

4,793 
4,793 
4,793 

$4,428.06 
3, 196. 70 
1,459.98 

$.9239 

Subsistence 

General  e.xpenses 

do 

do.... 

do.... 

do.... 

do.... 

.6670 
.3045 

Total 

4,793 

9,084.74 

1.8954 

Black  ward- 
Direct  expenses 

Subsistence 

6,051 
6,051 
6,051 

5,366.76 
1,293.53 
1,881.24 

.8869 
.2138 

General  expenses 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

.3109 

Total 

6,051 

8,541.53 

1.4116 

Total  section  D 

10, 844 

17,626.27 

1.6254 

Section  E,  black  female: 

Direct  e.xpenses 

Subsistence 

General  expenses 

18,866 
18,866 
18,866 

15, 176. 83 
4, 650. 50 
5,078.  IS 

.8042 
.2464 
.2695 

Total 

18,866 

24,905.51 

1.3201 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do..., 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Section  F,  male,  medical: 
White  wards- 
Direct  expenses 

Subsistence 

General  expenses 

14,154 
14, 154 
14. 154 

10,540.24 
9, 488. 93 
3,638.15 

.7447 
.6704 
.2570 

Total 

14, 154 

23,667.32 

1.6721 

Black  wards- 
Direct  expenses 

Subsistence 

General  expenses 

38,319 
38,319 
38,319 

19,879.44 
9,773.36 
6,832.74 

.5188 
.2551 

.1788 

Total 

38,319 

36,505.54 

.9527 

Total  section  F 

52, 473 

60, 172. 86 

1. 1467 

Section  G,  white,  female: 
Ward- 
Direct  expenses 

Subsistence 

General  expenses 

4,715 
4,715 
4,715 

10,634.44 
3,816.05 
3,642.61 

2.2554 
.8093 
.7726 

Total 

4,715 

18,093.10 

3. 8.373 

Private  rooms- 
Direct  expenses 

Subsistence 

General  expenses 

3,776 
3,776 
3,776 

11,429.50 
3,074.72 
4,079.35 

3.0269 

.8143 

1.0803 

Total 

3,776 

1S,5.S3.57 

4.9215 

Nursery- 

General  expenses 

2,339 
2,339 

4,416.46 
1,517.25 

1.8882 
.6487 

Total 

2,339 

5,933.71 

2. 5369 

Total  section  G 

10,830 

42,610.38 

3.9345 

Chronics: 

Direct  expenses 

Subsistence 

General  expenses 

10,163 
10,163 
10, 163 

676.00 

1,739.13 

201.50 

.0665 
.1712 
.0198 

Total 

10, 163 

2,616.63 

.2.575 

"Ward  17,  Isolation: 

Direct  expenses 

Subsistence 

General  expenses 

3,763 
3,763 
3,7a3 

6, 1.55. 69 
2,106.88 
1,891.59 

1.6359 
.5599 
.5026 

Total 

3,763 

10,154.16 

2. 6984 

Total  ward  treatment 

180,977 

260,540.95 

1.4396 

276. 15 
8,880.42 

Total  expenses,  Ancon  Hospital 

332,4.32.45 
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Table  No.  24.— Panama  Canal— Operations,  health  department,  fiscal  year  1916- -Contd. 


Quantity. 

Cost. 

Unit  cost. 

COLON    HOSPIT.^L. 

$2,839.84 
4,917.33 
1,594.72 
3,721.63 

13,073.52 

Kitchen 

2,950.52 

Dispensary: 

7, 607. 39 
3,379.52 

General  e.xpense 

Total 

10,986.91 

Operating  room: 

operations.. 

do 

390 
390 

3,645.83 
1,646.99 

$9.3483 
4. 2230 

do.... 

Total 

390 

5, 292. 82 

13.5713 

White  patients: 

..patient  days.. 
do 

6,544 
6,544 
6,544 

7,604.47 
5,238.45 
3,806.61 

1.1620 

.8005 

do.... 

.5817 

do.... 

Total 

6,544 

16,649.53 

2.5442 

Black  patients: 

do.... 

7,347 
7,347 
7,347 

8,527.32 
2,217.02 
4,240.40 

1.1607 

do.... 

.3017 

do.... 

.5772 

do.... 

Total 

7,347 

14,984.74 

2. 0396 

do.... 

13,891 

31,634.27 

2. 2773 

942. 55 

Total  expenses,  Colon  Hospital 

48, 856. 55 

3,408.41 
3,591.63 

Total  general  expense 

7,000.04 

19,192.59 

6,993.03 

3,824.76 

953.56 

Mess                                       

rations.. 

27, 216 

.2569 

.  .patient  days.. 

98,000 
98,000 
98,000 

25,809.86 
13,363.80 
3,832.34 

.2634 

do 

.1364 

do.... 

.0390 

do.... 

Total 

98,000 

43,006.00 

.4388 

Operation  of  farm: 

8,243.62 
13,291.45 
1,687.57 
935.53 
2,372.90 
1,305.58 
3,167.70 

Dairy 

Poultry 

...quarts  milk.. 
dozen  eggs.. 

81,108 
2,280 

.1639 
.7402 

31,004.35 

825.47 

74,835.82 

Credits: 

440. 10 

13,907.79 

949. 83 

5,817.63 

21,115.35 

1        53,720.47  1 

I 
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Table  No.  24. — Panama  Canal — Operations,  heaJthdepartment,  fiscal  year  1916 — Contd. 


Quantity. 

Cost. 

Unit  cost. 

S.UJTO  TOMAS  HOSPITAL. 

Direct  expen.ses - 

111,136.23 

patient  days. . 

do 

do.... 

IIES. 

PALO  SECO  LEPER  ASYLUM. 

Direct  expenses 

Division  expense 

20,995 
20,995 

22,439.57 
831.28 

$1.0688 
.0396 

Total 

20,995 

23, 270. 85 

1.1084 

OTHER  HOSPITALS  AND  DI.SPENSAI 

Naos  Island 

404.91 

13, 275.  51 

2,578.46 

5,571.21 

7, 193. 33 

1,929.42 

8,371.15 

333.  22 

717.33 

234  29 

4, 037.  52 

Balboa 

Corozal 

Pedro  Miguel 

Paraiso 

Gamboa 

Gatun 

Torn  Point 

District  dentists 

Cnlebra 

Division  expense 

Total 

44, 646. 35 

QUARANTINE. 

Division  expense 

2.521.08 
2, 100.  42 

Chief  quarantine  office 

4,621.50 

Quarantine  proper,  Balboa: 

Direct  expenses 

10,  .369.  72 
1,020.05 

General  expense .   . 

Total 

11,389.77 

.quarantine  days.. 
do.... 

do.... 

Direct  expenses 

4,602 
4,602 

12,111.01 

854.28 

2.6317 

.1856 

Total 

4, 602 

12, 965. 29 

2.  SI  73 

Direct  expenses 

18.131.36 
1,814.39 

Total 

19,945.75 

.quarantine  days.. 
do 

do.... 

Direct  expenses 

S,  623 
S,  623 

16,723.88 
932.  78 

1.9395 
.1081 

Total 

8, 623 

17,656.66 

2.0476 

61,957.47 

•     SANITATION,  PANAMA." 

Direct  expenses 

4,'-,,  270. 59 
2,2.53.14 

Division  expense 

Total 

47, 523.  73 

STREET  CLEANING,  PANAMA 

Direct  expenses... 

50,  506.  77 
2,717.88 

Division  expense 

Total 

53, 224. 65 

Total  sanitation,  Panama 

100,748.38 

SANITATION,  COLON. 

Direct  expenses 

36, 392. 60 
2,016.97 

DJMsion  expen.se 

Total 

38,409.57 
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Tahle  No.  24. — Panama  Canal — Operations,  health  department,  fiscal  year  191i; — (.'ontd. 


STREET  CLEANING,  COLON. 


Direct  expenses... 
Division  e.xpense . 


Total 

Total  sanitation,  Colon . 


S.\NITATION,  ZONE. 


Balboa 

Aucon 

Corozal 

Pedro  Mifuiel 

Frijoles 

Gatun 

Mount  Hope,  Cristobal . 
Culebra. 


Division  expense 

Total  sanitation.  Zone . 


Administration 

Board  of  health  laboratory 

Operation  of  medical  storehouse . 
Reserve  for  new  tools 


Total  division  expense. 


Ancon  Hospital 

Colon  Hospital 

Santo  Tomas  Hospital 

Palo  Seeo  Leper  Asylum 

Corozal  Hospital 

Other  hospitals  and  dispensaries. 

Quarantine 

Sanitation,  Panama 

Sanitation,  Colon 

Sanitation,  Zone 

Street  cleaning,  Panama 

Street  cleaning,  Colon 


Quantity. 


Total  expenses,  health  department. 
Cost  of  services  to  outsiders , 


Net  expenses,  health  department. 


$2«,  135. 16 
1,166.35 


2 7, 301.. 51 


05,711.08 


23, 650. 3S 
26,924.11 
16, 678. 93 
3X,384.99 

1,029.58 

41,264.19 

27, 323.  79 

55.  86 

4,  863. 09 


180,180.92 


9, 319. 94 
20,  695.  81 
14.056.94 

2,441.28 


46,513.97 


332, 432. 45 
48, 856. 55 
11, 136. 23 
23, 270.  85 
74,  835.  82 
44, 646. 35 
61,957.47 
47, 523.  73 
38, 409. 57 

180,180.92 
53,224.65 
27,  .301.. 51 


943. 776. 10 
375, 273. 46 


568, 502. 64 


Unit  cost. 


Table  No.  25a. — Dredging  excavation — Detailed  cost  per  unit  ofworJc,  by  months,  fiscal 

year  1916. 

ATLANTIC  ENTRANCE— CONSTRUCTION. 


Item. 


Operation,  pipe-line  dredges '. 

Repairs,  pipe-line  dredges 

Operation,  miscellaneous  floating  equipment 

Repairs,  miscellaneous  floating  equipment 

Channel  lights 

Division  expense 

Total  division  cost 

Earth  excavat  ion per  cent 


Julv. 


Quantities.  Unit  cost 


Cubic  yards. 
20,746 
20,746 

20, 746 
20,746 
20,  746 
20, 746 


20,746 


20,746 


.0609 
.0378 
.0170 
.0075 
.0009 


,  1323 


Total. 


Quantities.  Unit  cost 


Cubic  yards. 
20, 746 
20,746 
20,746 
20, 746 
20,746 
20,746 


20,  746 


20, 746 


$0.0609 
.0378 
.0170 
.0075 
.0009 
.0082 


.1323 


100.00 
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Table  No.  29. — Panama  Canal — Cost  ofuakr  per  1,000  gallons,  fiscal  year  1916,  Ancon- 

Balhoa-Panama  system. 

[Quantities  exclude  water  used  in  City  of  Panama  and  north  of  Pedro  Miguel.] 


Quantity, 

1,000 

gallons. 

Opera!  ion 

(Jam  boa 

pump 

station. 

Operation 

Mirafloips 

nitration 

plant. 

Operation 
liallioa 
punip 
station. 

Jfainto- 
nance 
water 
mains. 

Total, 

1915. 
July 

124,649 
110,429 
111,506 
133,986 
127,  755 
115,455 

114,902 
99,928 
108, 400 
107,456 
120,493 
145, 874 

$0. 0158 
.0144 
.0167 
.0119 
.0146 
.0139 

.0152 
.0134 
.0138 
.0096 
.0128 
.0098 

$0. 0153 
.0134 
.0153 
.0135 
.  0136 
.0126 

.0146 
.0222 
.0108 
.0121 
.  0152 
.0227 

$0.0130 
.0138 
.0204 
.0117 
.0097 
.0125 

.0109 
.0116 
.0112 
.0097 
.0115 
.0104 

1  SO. 0012 
.0235 
.0149 
.0128 
.0079 
.0148 

.0339 
.0340 
.0432 
.0170 
.  0195 
.0075 

$0.0429 

.oasi 

September 

.0673 

.0499 

November 

.0458 

.053S 

1916. 
January 

.0746 

.0812 

March 

.0790 

.0484 

May 

.0590 

Ju  ne 

.0504 

Total 

1,420,833 

.0134 

.0151 

.0121 

.0181 

.0587 

1  Indicates  credit. 

Table  No.  30. — Panama  Canal — Cost  of  water  per  1,000  gallons,  fiscal  year  1916,Gatun 

system. 


1915 

July 

August 

September , 

October 

November 

December 

1916 

January 

February 

March 

April 

May 

June 

Total 


Quantity, 

1,000 

gallons. 


20,431 
20, 135 
21,114 
22, 127 
20,463 
23, 168 


22,068 
20, 867 
20, 786 
21, 763 
19, 225 
19,650 


251, 797 


Mainte- 
nance 
AguaClara 
reservoir. 


$0.0262 
.0248 
.0266 
.0311 
.0278 
.0322 


.0339 
.0354 
.0497 
.0643 
.1285 
.1380 


.0504 


Operation 

AguaClara 

filtration 

plant. 


.0463 
.0926 
.0733 
.0492 
.0460 
.0297 


.0605 
.0383 
.0310 
.0515 
.0387 
.0742 


.0523 


Operation 

AguaClara 

pump 

station. 


$0.0526 
.0546 
.0736 
.0492 
.0659 


.0478 
.  0594 
.0517 
.0476 
.0602 
.0563 


.0554 


Mainte- 
nance 
water 
mains. 


$0.0145 
.0096 
.0220 
.0181 
.0215 
.0199 


.0236 
.0214 
.0196 
.0268 
.0263 
.0299 


.0211 


Total. 


.1396 
,1816 
.1955 
.1476 
.1612 
.1298 


.  1658 
.  1545 
.  1520 
.1902 
.2537 
.2984 


,1792 


63.503°— 16- 


-29 
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Table  No.  31. — Panama  Cmutl — Cost  of  wafer  per  1,000  gallons,  fscul  year  1916,  Colon- 
Cristobal  system. 
[Quantities  exclude  water  used  in  City  of  Colon.] 


Quantity, 

l.noo" 

gallons. 

Mainte- 
nance 
Brazos 
Brook 
Reservoir. 

Operation 
Mount 
Hope 

filtration 
plant. 

Operation 

Mount 

Hope 

pump 

.station. 

Mainte- 
nance 
water 
mains. 

Total. 

1915, 
July              

78,098 
77, 365 
74,946 
59, 218 
57,  .523 
54, 059 

60,011 
55,  .562 
61, 020 
59, 426 
60, 909 
55,  819 

SO. 0061 
.0052 
.0054 
.  0061 
.0078 
.0086 

.0071 
.  0086 
.  0042 
.  0055 
.0047 
.  0072 

$0.0078 
.0092 
.  0059 
.0091 
.  0080 
.0098 

.0122 
.0148 
.0137 
.0102 
.0127 
.  01.36 

$0. 0154 
.0138 
.0146 
.0138 
.  01.53 
.0156 

.01.54 
.  0155 
.0161 
.0166 
.0207 
.0166 

$0.0165 
.0241 
.  0185 
.0367 
.  0365 
.0295 

.0330 
.0377 
.0239 
.0368 
.0477 
.  0160 

80. 04.58 

.  0523 

.0444 

.06.57 

.0676 

.0635 

1916. 

.0677 

.0766 

.0579 

.0691 

May         

.085.8 

June 

.  0.834 

Total                     

7.53, 956 

.0063 

.0105 

.0158 

.0313 

.0639 

Table  No.  32. 


-Cost  of  operating  employees^  quarters ,  fiscal  year  191G. 
GOLD  AND  SILVER  QUARTERS. 


1 

July. 

August. 

September. 

October. 

November. 

December. 

Gold,  family: 

Grass  cutting 

Disposal  of  garbage 

S2.034.79 

591.67 

1.752.76 

2,300.44 

1,291.79 

1,014.69 

1.022.65 

470.64 

971.22 

10,952.53 

$1,533.62 
605.45 
3,185.19 
2.830.99 
1,010.41 
1,129.47 
1,452.26 
946.94 
1.220.24 

12.  .581. 71 

$406.02 

465.  75 

4,624.70 

2,898.43 

870.95 

1.070.09 

1,665.. 56 

908. 62 

1,114.24 

10,638.91 

8821.57 

509.37 

2,743.96 

2,829.25 

916.93 

1.043.21 

1,759.71 

761.40 

1.067.00 

11.233.17 

$688.62 

6.53.63 

2,502.39 

2, 296.. 33 

1.179.81 

■  827. 89 

2,001.88 

685. 23 

898. 71 

7.749.38 

$6.54.36 

.534.40 

2, 1,57. 83 

Repairs  to  furniture 

Repairs  to  refrigerators 

2, 199. 12 

889.45 

1.025.61 

1,945.43 

UtUitv  service 

546.18 

Division  expense 

Repairs  to  buildings 

1,123.79 

8.616.42 

Total  division  cost 

22.403.18 

26,496.28 

24.663.27 

50.40 

93.59 

1,341.54 

1,S6.  85 

2.951.61 

341.79 

317.19 

634.42 

1.919.01 

23.685.57  |     19.383.87 

19.992.59 

Gold,  bachelor: 

401.13 
137.69 
416. 53 
327.60 

2,991.00 
316. 42 
490. 65 
726.00 

3, 120. 79 

299.06 

128.58 
993.67 
2.56. 72 

3,  nso. 62 
390.80 
332.52 
785.69 

2. 74.3.. 54 

267.20 
97.24 

878.58 
273.69 

3,027.84 
319. 88 
310.16 
695.66 

1,816.43 

102.22 
103.61 
705. 13 
323.95 

3,073.14 
593.67 
243.25 
725.57 

3. 055. 67 

155.21 

Disposal  of  garbage 

88.27 
644.56 

Repairs  to  furniture 

Janitor  service 

462.25 
3,042.34 

545.24 

Utility  service 

245.48 

795.04 

Repairs  to  buildings 

3.064.80 

Total  division  cost 

8.927.81 

9.011.20  1      8. 036. 40 

7,686.68 

8.986.21 

9,043.19 

Total  division  cost,  gold 
quarters 

31.330.99 

35,507.48  1    32,699.67 

31,372.25 

28,370.08 

29,035.73 

Silver,  family: 

Grass  cutting 

537.27 
1S6..52 
191.43 
221.94 
273.36 
112.55 
941.06 

75.31 
170.47 
148.49 
229.62 
266. 19 
204.66 
275.95 

15.75 
149.41 
134.25 
229.52 
227.76 
176.99 
551.14 

89.25 
IM.  17 

86. 50 
323.48 
206.32 
178.65 
598.32 

39.15 

181.85 
113.68 
340.39 
206. 61 
165.27 
3. 156. 73 

65.02 

Di.spo.sal  of  garbage 

237.39 
133.29 

Corral  ser  v  ice 

318.68 

254.27 

Division  expense  

171.16 

Repairs  to  buildings 

1.470.87 

Total  division  cost 

2.464.13 

1.370.69 

1,484.82 

1,645.69 

4,203.68 

2,650.63 

Silver,  bachelor: 

Grass  cutting 

313.98 
109. 16 
141.19 
281.48 
103.81 
10(j.  70 
988.  82 
223.25 
385.21 

20.36 
95. 10 
is;3.88 
251.91 
112.58 
72. 67 
995.21 
228. 60 
482.00 

5.10 
84.48 
123.26 
117.74 
87.75 
27.39 
987.90 
191.65 
524.07 

68.97 

77.78 

165.41 

109.02 

79.59 

3 15.  ,58 

1,079.92 

242.62 

551.65 

26.75 

,S8.25 

172.80 

160.39 

79.70 

.40 

99 1 . 60 

240. S6 

76-1 .  35 

51.75 

Disposal  of  garbage 

Care  of  grounds 

74.98 
1S2.48 

Corral  service 

133.87 

Electric  lights 

97.80 

Repairs  to  furniture 

Janitor  serv  ice 

5.17 
1,011.24 

Division  expense 

Repairs  to  buildings 

2.50. 93 
1,189.31 

Total  division  cost 

2.653.60 

2.442.31 

2.149.34 

2.  720. 5-4 

2. 528. 10 

3,000.53 

Total  division  cost,  sil- 
ver quarters 

5,117.73 

3,813.00 

3,6.34.16 

4,366.23 

6,731.78 

5,6.51.21 

Total  division  cost,  all 
quarters 

36,448.72 

39.320.48 

36,333.83 

35,738.48 

35.101.86 

34,686.99 
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Table  No.  32. — Cost  of  operating  emjyloyecs^  quarters,  fiscal  year  1916 — Continued. 

GOLD  AND  SILVER  QUARTERS— Continued. 


January. 


February 


March. 


April. 


May. 


June. 


TotaL 


Gold,  family: 

Grass  ciitlinR 

Disposal  of  J!;arl)age 

Care  of  ground.s 

Repairs  to  furniture 

Repairs  to  refrigerators. 

Repairs  to  stoyes 

Corral  seryice 

Utility  seryice 

Division  expense 

Repairs  to  buildings 


Total  diyision  cost. 

Gold,  bachelor: 

Grass  cutting 

Disposal  of  garbage . . 

Care  of  gi-ounds 

Repairs  to  furniture . 

Janitor  seryice 

Corral  seryice 

Utility  seryice 

Diyision  expense 

Repairs  to  buUdings . 

Total  division  cost. 


Total  division  cost,  gold 
quarters , 


Silver,  family: 

Grass  cutting 

Disposal  of  garbage . . 

Care  of  grounds 

Corral  service 

Electric  lights 

Division  expense 

Repaiis  to  buildings. 

Total  division  cost. 

Silver,  bachelor: 

Grass  cutting 

Disposal  of  garbage . . 

Care  of  giounds 

Corral  service 

Electric  I  ights 

Repairs  to  fumitui-e  . 

Janitor  service 

Division  expense 

Repairs  to  buildings. 

Total  division  cost. 


?362. 19 

504.89 

1,974.80 

2, 16.-).  90 

1,24.5.31 

1,070.75 

1,752.45 

465. 86 

988. 73 

5,619.48 


S129.21 
541.12 

1,1.58.45 

2,263.64 
8:54.13 
692. 13 

1, 529. 23 
387.85 
745.60 

3,722.00 


$.564.. 59 

584.19 

1,601.96 

2, 062., 54 

1,116.49 

1,2.56.  ,54 

1,908.33 

447.78 

692.. 50 

3,315.08 


$393.37 

500. 50 

1,440.65 

2,263.15 

1,072.47 

824  42 

1,363.30 

410.20 

791.45 

4,008.45 


■SI.  025. 87 

506.25 

1,613.04 

1,766.11 

1, 195. 38 

493.78 

1,442.62 

509. 23 

S43.79 

.5,005.34 


$.391.44 

420.22 

1,791.. 50 

2.  .544. 95 

1,369.83 

781.95 

1,  .596. 71 

478.20 

7.50.  .54 

4,281.61 


.?9. 305. 6.5 
().  317.44 
26.607.29 
28,721.21 
12,992.95 
11,2.30.53 
19,440.13 
7,018.13 
11,207.81 
87.724.08 


16,150.48 


12,303.36 


13,610.00 


13,068.26 


14,401.41 


14,406.95 


220,565.22 


51.60 
87.67 
481.87 
362. 19 
2,814.66 
489.55 
206.88 
711.20 
636.20 


47.69 
79.97 
305.75 
323.67 
3, 108. 32 
432.07 
173.35 
706. 06 
600.12 


92.89 
98.41 
329. 89 
127.36 
3, 083.. 52 
401.96 
204.60 
698.90 
598. 55 


44.54 
93.. 32 
320.42 
135.59 
3,021.44 
350.  .34 
157.60 
739.04 
914.68 


123.63 
59.08 
326.36 
207.09 
2,8.52.51 
4.32.04 
153.95 
663.72 
772. 90 


47.27 
77.46 
421.58 
270.35 
3,070.43 
465.91 
176.20 
746.  75 
723.53 


1,682.84 
1,144.89 
7, 225. SS 
3,2.57.31 

36,117.43 
5,079.67 
3,011.83 
8. 728. 05 

19,966.22 


5,841.82 


5,777.00 


5,  536. 08 


76.97 


5,591.28 


5,999.48 


5,214.12 


21,992.30  18.080.36 


19,146.08 


18,845.23 


19, 992. 69 


20,406.43 


306.779.34 


$15.  25 
232. 14 
196.  89 
281.38 
353.  67 
169.  07 
1,129.47 


$233.  47 
135.  24 
262.  00 
354.  63 
163. 16 
1,254.06 


$14.20 
221.  25 
162.  80 
426.  62 
230.  47 
16.5.  26 
1,641.06 


S221. 32 
129.  95 
150.  93 
243.  34 
171.21 
891. 34 


$43.  21 
220. 35 

181.  85 
190.  25 
280.  20 

182.  28 
1,. 597.  86 


$5. 00 
117.52 
163. 56 
171.19 
270.  00 
163.  81 
1,504.82 


$898. 41 
2,335.86 
1,777.93 
3,146.00 
3, 166.  82 
2, 024.  07 
15,012.68 


2,377.87 


10.  75 
72.44 
157.  65 
100.  33 
87.54 


996. 10 
243.  68 
436.  97 


2, 105.  46 


2, 402.  56 


2,861.66 


1,808.09  2,696.00 


2,395.90 


28,361.77 


59.79 

94.65 

85.23 

82.95 

.66 

987. 13 

251.  01 

538.  69 


11.90 
67.06 
140. 13 
52.22 
56.74 


63.37 
77.89 
38.32 
60.23 


1,144.08 
260.  26 
56.5. 15 


1,046.78 

263.  35 

87.11 


2,100.11  !  2,297.54 


1,637.05 


Total  division  cost,  silver 
quarters 


4,483.33     4,502.67     5,159.20 


3,445.14 


Total  division   cost,   all 
quarters 


26,475.63  22,583.03   24,305.28 


22, 290. 37 


16.24 

58. 58 

114.41 

47.57 

69.37 

1.98 

1, 109.  43 

266.  37 

598. 97 


2, 282. 92 


4.00 

48.49 

92.11 

38.39 

66.91 

4.18 

1, 160.  86 

275.  97 

1,302.92 


529.80 

899. 48 

1, 645.  86 

1,416.47 

984.  97 

664.  73 

12, 505. 07 

2, 938. 55 

7, 426.  40 


2, 993.  83 


28,911.33 


4,978.92     5,389.73     57,273.10 


24,971.61   25,796.16  364,052.44 


COST  OF  COAL  AND  KINDLING  WOOD  FURNISHED  GOLD  MARRIED  QUARTERS. 

July $4, 179. 31 

August 4, 282. 00 

September 3, 339.  27 

October 3, 752. 17 

November 4  452.  60 

December 4, 523. 16 

January 4, 878.  09 

February 4 ,  608.  95 

March 4, 005.  45 

April 4^  464.  65 

May 4, 827.  61 

June 5, 4 12.  53 

Total 52,725.79 


428  THE    PAX  AM  A    CANAL. 

Table  No.  32. — Cost  of  operating  on ployccs^  quarters,  fiscal  year  1916 — Contimied. 
COST  OF  ELECTRIC  CURRENT  FURNISHED  GOLD  QUARTERS. 

July $3,522.30 

August 2, 672. 84 

September 2, 461. 82 

October 2, 463.  26 

November 3, 061. 10 

December 3, 248. 65 

January 3, 540. 92 

February 2,  423. 82 

March 2,599.48 

April 2, 971. 40 

May 2,896.33 

June 3,044.06 

Total 34,905.98 
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Table  No.  35. — Statement  of  collections  repaid  to  appropriations  and  to  individuals 
and  companies  and  collections  deposited  to  miscellaneous  receipts  during  the  fiscal  year 
ending  June  ^0.  1916. 


Department  and  classification. 


Total,  fiscal 
year  1916. 


DEPAKTMENT     OF     OPERATION     AND 
MAINTENANCE. 

Construction  and  repairs 

Shopw'ork ! 

Electric  work I 

Electric  current I 

Compressed  air j 

Train   service  and   use   of  rolling  i 

equipment I 

Tug  service [ 

Service  of  other  floating  equipment. .' 

Pilotage i 

Wharfage i 

Sales  of  water : 

Water  rentals,  Panama  and  Colon. .  .i 
Unserviceable  material,  supplies  and 

property 

Meals  on  floating  equipment 

Rental  of  mooring  buoys 

Handling  lines " 

Steams-lip  inspection 

Dredging 

Hostiing 

Minor  supplies,  services,  and  prop- 
erty  

Proportion  of  construction  and  op 

eration  of  quarters 

Lost  property 

Pay-roll  errors 

Total,  department  of  opera- 
tion and  maintenance 


$741,498.07 

1,  m2, 876. 64 

220,060.72 

79,948.52 

2,147.30 

38,636.65 
54,614.03 
26, 150. 90 
46, 442. 50 
29, 700. 27 
80,0a8.71 
147,500.00 

20,247.91 
51,588.12 
48.00 
14, 130. 63 
4,033.25 
21,868.52 
76, 775. 67 

6, 141. 79 

14, 785.  41 
49.04 
6.52 


3,245,339.23 


SUPPLY  DEPARTMENT. 

Subsistence: 

Hotel  Tivoli 

Hotel  Aspinwall 

Line  hotels 

Messes 

Minor  supplies,  services,  and 
property 

Hotel  coupon  books 

Laborers'  meal  tickets 

Commissary  coupon  books  hon- 
ored by  Panama  Canal 

Lost  property 


Total,  subsistence. 


163,008.94 

23,611.35 

8,705.38 

784. 00 

816. 82 

268. 80 

133,571.18 

537,900.97 
44.62 


B,  712. 06 


Quartermaster: 

Material  from  stock 

Rock,  sand,  gravel,  and  screen- 

_mgs 

Printmg  and  binding 

Corral 

Miscellaneous  jobs 

Rental  of  gold  quarters 

Rental  of  silver  quarters 

Garage  rental 

Ancon  nursery , 

Handling  of  fuel  oil 

Operation  of  stores , 

Operation  of  quarters 

Janitor  ser\-ice 

Minor  services,    supplies,  and 

propert  y 

Cost  of  making  sales 

Building  rental 

Containers 

Rental  of  equipment 


Total,  quartermaster 

Total,  supply  department. 


1, 627, 780. 66 

63,337.61 

18,161.89 

80,716.12 

126, 702. 35 

4,857.28 

65, 536. 55 

1,582.91 

403. 13 

24,846.28 

40, 500. 00 

48,000.00 

388. 60 

2,417.04 
170,898.79 

210.  50 
7,654.55 

189. 01 


2,284,183.27 


3, 152, 895. 33 


Department  and  classification. 


ACCOUNTING  DEPARTMENT. 

Lost  metal  checks 

Cablegrams 

Proportion  of  salaries 

Lost  property 

O verpayinerit  s,  refunds,  etc 

Services  of  employees  obtaining  bill 
of  health  for  vessels 

Total,  accounting  department 

EXECUTIVE  DEPARTMENT. 

Proportion  of  salaries 

Photographs  and  priiats 

Motor-car  service 

Minor  services,  supplies,  and  prop- 
erty  

Total,  executive  department. 

Total 

CIVIL  GOVERNMENT. 

School  tuition 

Sale  of  school  books , 

Police  service 

Minor  services,  supplies,  and  prop- 
erty  

Gamboa  prison  mess 

Sales  of  lumber,  industrial  training 
school 

Sales  of  ammunition  for  target  prac- 
tice  

Total  civil  government 

MISCELLANEOUS. 

Land  rental , 

Building  rental 

Land  olHce  expenses 

Joint  Land  Commission  transcripts. 

Rental  of  equipment 

Republic  of  Panama  election  ex- 
penses, 1912 

Tile  roofing  manufactured  on  Isth- 
mus for  Dock  No.  6 

Sale  of  roofing  recovered  from  Tax 
Building,  Mount  Hope 

Proportion  of  amount  paid  injured 
employees 

Leave  earfted  by  superintendent  of 
schools  prior  to  July  1, 1915 

Sale  of  old  Panama  Railroad  build- 
ings  

Total  miscellaneous 

HEALTH  DEPARTMENT. 

Ancon  Hospital: 

Fees 

Mess 

Burials 

Miscellaneous 

Colon  Hospital: 

Fees 

Mess 

Miscellaneous 

Palo  Seco  I^eper  Asylum 

Line  dispensaries 

Quarantine: 

Subsistence 

Other  charges 


Total,  fiscal 
year  1916. 


$1, 812. 75 

2, 269. 89 

136,  .599. 35 

978. 97 

49,324.92 

174.00 


191, 159. 88 


86,521.90 
1.0«.83 
4,270.46 

361.20 


92,197.39 


6,681,591.83 


2, 561. 32 

399. 95 

27,242.86 

1,482.73 
23.00 

45.67 

32L33 


32,076.86 


5, 592. 40 

1,927.39 

12,000.00 

192. 20 

8, 152. 33 

16,946.32 

30,727.11 

55.00 

21.60 

743. 33 

00.00 


76,417.68 


223,945.28 

9, 685. 39 

2, 70S.  79 

462. 61 

10,988.27 
912. 17 
327.63 

14,713.25 
1,089.90 

16,749.39 
4,619.04 
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Table  No.  35. — Statement  of  collections  repaid  to  appropriations  and  to  individuals 
and  companies  and  collections  deposited  to  miscellaneous  receipts  during  the  fiscal  year 
ending  June  30,  1916 — Continued. 


Department  and  classification. 

Total,  fiscal 
year  1916. 

Department  and  classification. 

Total,  fiscal 
year  1916. 

HEALTH  DEPARTMENT — Continued. 
Sanitation: 

87,711.81 
11,609.72 
5,487.38 

50,666.62 
20,008.73 

7,428.89 

96.70 

387. 00 

35, 562. 96 

HEALTH   DEPARTMENT — continued. 

Sales  from  medical  store 

$4,069.46 

Panama 

Unserviceable    material,    supplies, 

732. 13 

Canal  Zone 

Minor  services,  supplies,  and  prop- 
erty 

Street  cleaning: 

Panama  

197. 10 

Expense  incurred  in  deporting  in- 
sane patients 

Colon 

376. 06 

Corozal  Hospital: 

Produce           

Total  hsalth  department 

Total  repay  to  appropriations. . 

430, 536.  28 

Bu  rials 

Insane  asylum 

7,220,622.65 

RECAPITULATION. 


Department  of  operation  and  main- 
tenance  

Supply  department: 

Subsistence 

Quartermaster 

Accounting  department 

Executive  department 

Total   construction   and    engi- 
neering  

Total  civil  government 

Total  health  department 

Total  miscellaneous 

Total  repayment  to  appropria- 
tions  

Collections  for  individuals  and  com- 
panies: 
Panama  Railroad  Company- 
General  

Panama  Railroad  Company- 
Commissary  books 

Federal  income  tax 

Other  individuals  and  companies. . 

Total  collections  for  individu- 
als and  companies 


13,24.5,339.23 

868, 712. 06 

2,284,183.27 

191,159.88 

92, 197.  39 


6,681,591.83 

32, 076. 86 

430, 536.  28 

76,417.68 


7,220,622.65 


15,089.61 

2, 879, 280.  83 

442.  60 

4,383.62 


2, 899, 196. 66 


Miscellaneous  receipts.  United 
States  funds: 

Tolls 

Sale  of  construction  material 
'     and  equipment 

Water  rental,  Panama  and  Co 
'    Ion 

Licenses  and  taxes 

Court  fees  and  fines 

Postal  receipts 

Miscellaneous,  Canal  Zone 

Police  fines 

Interest,  bank  balances 

Forfeitures 

Sale  of  old  French  scrap 

Pay-car  overages 

Overages,  collecting  agents 

Total  miscellaneous  receipts. 
Grand  total  for  vear 


82, 395, 928.  77 

122,622.92 

91,376.89 

14,194.06 

17,417.44 

96,907.36 

645.  82 

137.00 

17,387.34 

28.00 

102.  60 

11.16 

5.47 


2, 756, 764. 83 


12,876,584.14 


Table  Xo.  36. — Statement  of  transactions  in  the  coUrctor's  special   deposit   account 
during  the  fiscal  year  ending  June  30,  1916. 
IN  THE  UNITED  STATES. 


July 

August 

September. 

October 

November . 
December.. 


January... 
February . 

March 

April 

May 

June 


Month. 


1916. 


Deposits. 


$3,39,  .579. 10 
401,8.31.01 
461,109.37 
148,199.47 
37,005.00 
45,500.00 


17,000.00 
39,500.00 
1,750.00 
16.5,514.20 
244,503.80 
245, 263. 19 


Total 2,146,755.14      1,038,531.15         717,447.97  j    416,138.97 


Panama 

Canal  bills 

applied. 


$24,8,4.84.04 
248, 746.  45 
167,550.11 


20,9.S2.  44 
3,000.27 


4,. 586.  88 

3, 120.  29 

5.00 

S3, 236.  61 

138, 160.  73 

120, 708. 33 


Payments 
to  individuals 
and  com- 
panies.' 


$.58,731.80 
01,170.42 
96,  486.  2<.) 
194,877.38 
114,692.26 
21,5.58.50 


11,. 337.  46 
16, 128. 87 
5.67 
36,051.33 
51,. 565. 38 
54, 842. 61 


Refunds 


$46,579.05 
58, 426. 69 
38, 326. 15 

129,335.74 
2.3, 827. 37 
15, 276. 90 


175.99 
26,072.62 
10,001.02 
23.47 
49,881.01 
18,212.96 


>  Includes  the  Panama  Railroad  Company,  Central  and  South  American  Telegraph  Co.,  and  other  indi- 
viduals and  companies. 
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Table  No.  36. — Statement  of  tramactions   in  the  collector's  special  deposit  account 
during  the  fiscal  year  ending  June  30,  1916 — Coutiuued. 

ON  THE  ISTHMUS. 


Month. 


1915. 

July 

August 

September 

October 

November , 

Deceral>er , 

1916. 

January 

February 

March 

April 

May 

June 

Total 


Deposits 


?o0(5,544.92 
252, 596. 01 
406,377.68 
107,676.67 
109,071.78 
33,504.16 


112,256.07 
241, 244. 49 
303, 132. 69 
488, 072. 05 
382, 533.  25 
443, 108. 15 


3,386,117.92 


Panama 

canal  bills 

applied. 


$3.35,547.45 

268, 668. 86 

198,117.16 

19,637.13 

34,264.31 

16,093.80 


10, 987. 98 

45,504.37 

60,178.44 

197, 953.  85 

257, 139. 95 

271, 339. 17 


1,715,432.47 


Payments 
to  individuals 
and  com- 
panies. 


.?60, 198.  47 
71,145.73 
91,499.97 
114,010.11 
1.50,8.53.15 
22, 482.  29 


40,570.69 
162, 112. 76 
282, 766. 78 
211.112.79 
123,310.98 
158,319.56 


1,488,383.28 


Refunds. 


114,280.20 

4,639.16 

2,095.80 

33, 452. 82 

9,361.32 

103.26 


2,186.07 
33,803.83 
4,093.56 
8, 432. 12 
6,115.70 
6,312.14 


124,875.98 


RECAPITULATION. 


In  the  United  States. 


Debit. 


Credit. 


On  the  Isthmus. 


Debit. 


Credit. 


On  hand  July  1,  1915 

Deposits  during  year 

Panama  Canal  bills  applied 

Payments  to  individuals  and  companies. 

Refimds 

On  hand  June  30,  1916 


S131,42S.54 
2, 146,  7.55. 14 


$1,038,531.15 
717,447.97 
416,138.97 
106,065.59 


$101,6.39.42 
3,386,117.92 


Total. 


2, 278, 183. 


$1,715,432.47 

1, 488, 38;3. 28 

124, 875. 98 

159, 065. 61 


2, 278, 183. ( 


3, 487, 757. 34   3, 487, 757. 3 1 


Table  Xo.  37. — Statement  of  audited  pay  rolls  on  Isthmus  during  fiscal  year  1916. 

Operation  and  maintenance S8, 072, 412. 17 

E.xecutive  office $325, 972.  73 

Executive $16, 401. 68 

Record 54, 100.  75 

Personnel 22, 427.  73 

General 37, 145. 61 

Correspondence 58, 268. 53 

Property 27, 320.  42 

Timekeeping 90, 6.53. 86 

Clubs  and  plavgrounds 17, 554. 15 

Canal  Record 2, 100. 00 

Engineer  of  maintenance 599, 474. 69 

Lock  operat  ion  and  maintenance 451, 288. 09 

C)ffice  engineer 67, 440. 57 

Surveys 36, 047.  24 

Meteorology  and  hydrography 21, 567.  20 

Maintenance,  Gatun  dam  and  back  fill 23, 131. 59 

Marine  division 211, 237. 72 

Office 4, 033. 33 

Port  captain,  Balboa 90, 849. 16 

Port  captain,  Cristobal 97, 377. 21 

Maintenance,  aids  to  navigation 19, 038. 02 

Electrical 447, 363. 31 

Municipal  engineering 878, 241. 10 

Dredging 1, 754, 944. 03 

Mechanical 2, 215, 976. 12 

Balboa  shops 1, 380, 640.  85 

Paraiso  shops 377, 106.  71 

Cristobal  shops 458, 228. 56 

Railroad  transportation 270, 619. 56 

Supply  department 948, 230.  74 

(quartermaster S2.S,  ,843. 33 

Office $26, 089.  67 

Storehouses 2.35, 601. 15 

District  quartermasters 505, 236. 35 

Printing  plant 46, 943.  86 

Oil  handling  plant 14, 972. 30 

Subsistence 119, 387. 41 
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Operation  and  maintenance— Continued. 

Accounting S37S,  422.  H 

Auditor §304,309.93 

Paymaster 41, 286.  "8 

Collector 32, 825.  73 

Injury  and  death 41,869.73 

Construction  and  equipment $2, 063, 325. 92 

Terminals 1,178,908.34 

Building 800,706.41 

Joint  Land  Commission '37, 522. 26 

Land  office  and  special  attorney 21, 949. 80 

Lighthouse  erection 2, 572. 91 

Injury  and  death 21,666.20                _ 

Civil  government ■Ill)  358. 22 

Civil  affairs 25, 385. 84 

Posts 74,719.27 

Police 164, 562. 84 

Fire 56, 232. 11 

District  attorney 7, 099. 19 

District  court 15, 406.  66 

Magistrate  courts 9, 198. 34 

Marshall '^,  137. 53 

Schools 51, 557. 31 

Injury  and  death 59. 13 

Sanitation 523, 698. 39 

Chief  health  office 3, 126. 92 

Medical  storehouse 9,.  665. 46 

Ancon  Hospital 1S7, 459. 10 

Colon  Hospital 21, 437. 25 

Santo  Tomas  Hospital 9, 438. 02 

Palo  Seco  leper  asylum ■ 8, 890. 07 

Dispensaries 26,  718. 08 

Quarantine 34, 906.  44 

Office 1,620.67 

Balboa 12,929.16 

Cristobal 19, 156. 61 

Bocas  del  Toro 1, 200. 00 

Corozal  Hospital 3o,  307. 98 

Asj'lum 22,513.67 

Farm 12,794.31 

Health  office,  Panama 'l,  363. 13 

Health  office,  Colon 50, 600. 10 

Zone  sanitation 04, 592. 74 

Injury  and  death 193.10 

Fortifications 580, 721. 48 

Construction 287, 303.  SO 

Army  quarters,  storehouses,  etc 268, 035. 20 

Ordnance  machinists IS,  SS9. 75 

Fire  control 5, 127.  60 

Injury  and  death 1,365.13 

Leave  accrued  prior  to  July  1,  1915,  paid  from  Panama  Canal  fund ....^^...         9<,26S.  ,0 

Operation  and  maintenance 83, 577. 25 

Sanitation 0, 275. 88 

Civil  government 7,415.57 

Omitted  time  prior  to  Apr.  1,  1914 1,  /63.  / 4 

Total 11,750,548.62 


1  Includes  527,975.56  paid  by  voucher. 
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Table  42. — Receipts  Canal  Zone  funds,  from  May  1,  1904,  to  June  30.  1910. 


On  account  of- 


Eevenues: 

Motor  vehicle  and  conveyance  licenses 

Insurance  and  corporation  tax 

Merchandise  and  peddling  licenses 

Public  entertainment  licenses 

Slaughter  tax 

Real  estate  tax 

Court  fees  and  fines 

Market  land  and  building  rental 

Water  tax 

Steamship  inspection 

School  tuition 

Interest .  •. 

Miscellaneous 

Total  revenues 

Mimicipal  funds  transferred 

Postal  receipts: 

Postage  stamps 

Stamp  books 

Sale  of  mail  matter 

IXandlinsr  Panama  Railroad  Comi)any's  mail 

Box  rents 

Money-order  fees 

Money -order  exchange  and  overage 

Total  postal  receipts 

Summary  of  receipts: 

Revenue 

Municipal  funds 

Postal  receipts 

Total  receipts 


Mav  1, 1904, 

■  to 
June  30,  1915. 


July  1,1915, 
to  June 
30,  1916. 


S26, 922.  42 

6, 546.  39 

62.5,331.47 

7, 073.  27 

94, 034. 01 

160,630.97 

279, 628. 07 

172, 762.  34 

140,S,S3.51 

11,161.89 

6, 329.  78 

228, 216.  54 

79, 899. 44 


1,840,020.10         5,595.73 


»  ?2S.  38 
1  288. 25 


53.29 
15.00 


5, 868. 58 
>  24.  51 


83,660.36 


763, 480. 18 

1,480.02 

52.20 

3, 750. 00 

2, 973.  65 

176, 171.  73 

164.46 


948, 072. 24 


1,840,020.10 

83, 660.  36 

948,072.24 


2,871,752.70 


25.00 


500.00 


103. 54 


628.  54 


5,595.73 


02S.  54 
6,224.27 


Total. 


$26, 922. 42 

6,  .')-46. 39 

625,331.47 

7, 673.  27 

94,034.01 

160,602.59 

279,339.82 

172,762.34 

140,936.80 

11,176.89 

6, 329. 78 

234,085.12 

79,874.93 


1,845,615.83 


83, 660. 36 


763,505.18 

1,4S0.02 

52.  20 

4,250.00 

2,973.65 

176,171.73 

26S.  CO 


948, 700. 78 


1,845,615.83 

83, 66(1. 36 

948, 700.  78 


2,877,976.97 


I  Debits  due  to  refunds. 
Note. — Postal  receipts  from  July  1,  1916,  to  June  31,  1916,  cover  money  due  on  July  1,  1915, 

Table  43. — Ecpendlt are "< from  July  1.  1915,  to  June  30,  1910. 


On  account  •''' 


Roads  and  trails: 

Construction 

Maintenance 

Waterworks  and  sewers: 

Construction 

Maintenance 

Market  and  slaughterhouses: 

Construct  ion 

Maintenance 

Street  lighting 

Miscellaneous  public  works 

Impounded  animals 

Sanitation,  native  villages. 

Incidentals 


Public  schools: 

Salaries,  superintendent,  teachers,  and  clerics 

Stationery  and  supplies 

Corral  service 

Janitor  service 

Railroad  transportation 

Furniture  and  e'luipment 

Constniction,  buildings 

Maintenance,  building 

Traveling  and  miscellaneous 

Total,  public  schools 


July  1, 1905, 

to 
Jime  30, 1915 


8484, 982. 80 
159,219.76 

51,965.20 
13,504.02 

20,661.09 
33,  646.  02 
9,192.65 
62,961.:59 
109.  90 
89,924.15 
15.  (M) 


926,181.98         3,024.91 


July  1,1915, 
to  June 
30, 1916. 


471, 

37, 

1, 

22, 

2 

is! 

134, 
2S, 
41, 


866, 26 
471.93 
457.  90 
066.  47 
7S2. 00 
341. 14 
051.  84 
126.  .54 
961.  76 


758,12.5.84 


S590. 11 
2,418.06 


2.00 
5.60 


753. 83 
661.96 

34. 23 
358. 93 
362. 00 

60.  26 
2,881.68 

59.82 
433. 06 


5, 605. " 


Total. 


8485, 572.  91 
161,637.82 

51,965.20 
13,504.02 

20.661.09 
33;  6.55. 16 
9,192.65 
62,963.39 
11.5.50 
89,924.15 
1.5.00 


929, 296. 89 


472, 620. 09 
38,  l:«.  89 
1,  492. 13 
22, 425.  40 
3,144.00 
18,401.40 
136,933.52 
28, 186.  36 
42,304.82 


763,731.61 
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Table  43. — Expenditures  from  July  1,  1915,  to  June  30,  1916 — Contiuued. 


On  account  of — 


July  1,  1905, 

to 
June  30, 1915. 


July  1,1915, 
to  June 
30, 1916. 


Total. 


Miscellaneous: 

Salaries- 
Tax  collectors 

District  judges 

Mafjistratps 

Supplies  and  miscellaneous 

Equipment 

Maintenance  of  charity  patients 

Municipal  prisoners  (rations) 

Total  miscellaneous 

Contingent  expenses: 

Gratuity,  discharged  penitentiary  prisoners 

Election  expenses 

Incidentals 

Total  contingent  expenses 

Postal  service: 

Purchase  of  stamps 

Transportation  of  mails — 

Isthmus 

Ocean : 

Stationery,  office  and  miscellaneous  supplies 

Corral  service 

Repairs  to  furniture  and  fixtures 

New  equipment 

Incidentals 

Transfer  to  Panama  Canal  as  reimbursement  in  part  for 
salaries  paid 

Total  postal  service 

Summary  of  disbursements: 

Zone  public  works 

Public  schools 

Miscellaneous 

Contingent  expenses 

Postal  service 

Total  disbursements 


$23,886. 14 
87, 750. 15 
11,5-11.68 
11,026.14 
453.53 
IS,  176. 90 
74, 796.  41 


1, 159. 17 
123. 13 


200. 00 
495. 63 


230,630.95         1,977.93 


5, 222. 50 
9, 679.  49 

7, 798. 88 


22. 700. 87 


17.50 

16,946.32 

252. 82 


17, 191. 64 


300, 229. 17 

74,256.84 

178, 628. 16 

58, 786.  73 

5,038.82 

85.26 

1,362.52 

1,880.18 

253,513.21 


873, 780. 89 


926, 181. 98 
758, 125. 84 
230, 630. 95 
22, 700. 87 
873, 780. 89 


2,811,420.53 


22, 070. 12 


6, 556. 74 
548. 24 
339.94 


59.92 
119. 40 


3,024.91 

5, 605. 77 

1,977.93 

17, 191. 64 

29, 694. 36 


57, 494. 61 


$26,886.14 
87, 750. 15 
12, 700. 85 
11, 1 19. 27 
453. 53 
18, 376. 90 
75,202.04 


232, 608. 88 


5,215.00 

26,625.81 

8,051.70 


39,892.51 


322, 299. 29 

74,256.84 

185, 184. 90 

59, 334. 97 

5, 378. 76 

85.26 

1,422.44 

1,999.58 

253,513.21 


903, 475.  25 


929, 206. 89 
763,731.61 
232,608.88 
39, 892. 51 
903, 475. 25 


,915.14 


1  Credit. 

Note.— Postal-service  expenditures  from  July  1, 1915,  to  June  30,  1916,  cover  expenses  incurred  previous 
to  July  1, 1915. 

Table  44. — Statement  of  balances  Canal  Zone  funds,  icith  collector,  by  a-pproimations, 

June  30,  1916. 

Public  improvements  and  schools |2,  428.  73 

Miscellaneous  and  contingent 3,  861.  50 

Postal  receipts,  1915 2,  771.  60 

Monev-order  funds 440,  553.  91 

Clubhouse  funds 4,  625.  21 

Trust  funds 10, 191.  81 

Postal-saAdngs  funds : 14,  001.  00 

Total 478,  433.  76 
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TvBLE  45  —Statement  of  receipts  and  disburscme7its  Canal  Zone  funds,  May  1,  1904,  to 

June  30,  1916. 

Keceipts: 

Revenues  collected $1,929,276.19 

Postal  receipts 948,  700.  78 

Total  collections $2,  877,  976.  97 

Disbursements: 

Zone  public  works 929,  206.  89 

Public  schools 763,  731.  61 

Miscellaneous 232,  608.  88 

Contingent  expenses 39,  892.  51 

Postal  services 903,  475.  25 

Total  disbursements 2,  868,  915. 14 

Available  for  expenditure 9i  061.  83 

Collector's  balance  June  30,  1916: 

Public  improvements  and  schools 2,  428.  73 

Miscellaneous  and  contingent 3,  861.  50 

Postal  receipts,  1915. . . .  .• 2,  771.  60 

9, 061.  83 

Separate  statement  covering  postal  services: 
Receipts — 

Stamp  sales 763,  505. 18 

Stamp  book  sales 1,  -180.  02 

Sale  of  mail  matter 52.  20 

Handling  Panama  Railroad  Company's  mail. .  4,  250.  00 

Box  rents 2,  973.  65 

Money-order  fees 176, 171.  73 

Money-order  exchange  and  overages 268.  00 

^  948,700.78 

Balance  of  funds  prior  to  Mar.  4,  1907 42,  453.  93 

Consolidated  with  regular  Zone  revenues. 

Purchase  of  stamps 322,299.29 

Miscellaneous  expenditures 327,  662.  75 

Transfer  to  Panama  Canal  as  reimbursement 

in  part  for  salaries  paid 253,  513.  21 

^  945,929.18 

Available  for  expenditure 2,  771.  60 

Collector's  balance 2,  771.  60 
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Table  53.— Statement  of  amounts  paid  under  the  act  of_  May  SO,  1908,  to  emplcnjees  as 
compensation  and  on  account  of  decths  of  employees  injured  in  the  course  of  employ- 
ment,  and  amounts  paid  underact  of  Feb.  24,  1909, for  injuries  lasting  15  days  or 
less,  amounts  paid  umler  Executive  order  of  Feb.  26,  1913,  and  amounts  paid  under 
Executive  Order  No.  1902,  dated  Mar.  20,  1914,  covering  period  from  Aug.  1,  1908  to 
June  30,  1916. 


Total  payments,  by  fiscal  years,  to  date. 

Injuries. 

Deaths. 

Under  act  of 
Feb.  24, 1909. 

Total. 

Aug.  1,  1908,  to  June  30,  1909 

July  1, 1909,  to  Juno  30,  1910 

July  1, 1910,  to  June  30,  1911 

S32, 355.  71 

96,810.33 

168,416.23 

166, 620. 21 

1.50,943.79 

111,240.75 

17, 703.  40 

168.00 

$3,682.79 
21,0.53.22 
35,248.39 
37,534.68 
23, 792. 02 
41,015.34 
14, 268. 97 
1,206.00 

S8,225.16 
16,010.30 
49,9.57.80 
5.3,838.25 
49,335.91 
33, 704. 92 

S44,263.66 
133, 873. 85 
253,622.42 
2.59,993.14 
224,071.72 
185,961.01 
31,972.37 
1,374.00 

July  1,1911,  to  June  30,  1912 

July  1 ,  1912,  to  June  30,  1913 

July  1, 1913,  to  June  30,  1914 

July  1,  1914,  to  June  30,  1915 

July  1, 1915,  to  Jime  30,  1916 

Total 

711, 258.  42 

177,801.41 

213,072.34 

1, 135, 132. 17 
13,227.62 

4,283.82 

Payments  under  Executive  order  of  Feb.  26, 
1913 

Payments  under  Executive  order  of  Mar.  20, 
1914: 
Apr.  1,  1S14,  to  Jime  30,  1914 

4,283.82 
41,871.91 
32,341.85 

239.17 

July  1,  1914,  to  June  30, 1915 

43,017.71 
33,321.07 

July  1,  1915,  to  June  30.  1916 

65, 662. 92 
239  17 

Payments  made  under  provisions  of  contracts 
between  Panama  Canal  and  contractors 

Payments  made  under  special  acts  of  Congress.. 

35, 218. 37 

Total 

1,338,653.69 

770.61 
12,  .57.5. 87 
12,386.90 

614.60 

Amounts  paid  to  Panama  Railroad  employees: 
Apr.  1,  1914,  to  June  30,  1914 

770.61 
10, 275.  45 
9, 056. 66 

July  1,1914,  to  June  30,  1915 

2,300.42 
3,330.24 

July  1,1915,  to  June  30,  1916 

Payments  made  by  Panama  Railroad  Com- 
pany for  injuries  occurring  prior  to  Apr.  1, 

Grand  total 

1,365,001.67 
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Table  No.  55. — Injuries  for  period  from  July  1,  1915,  to  June  30,  1916,  Panama  Canal 

employees. 


Monthly  rate  of  pay. 

Period  of  disabilitj'. 

a 

XI 

i 

1-1 

o 

M 

2° 

o 

■^  O 
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o 
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o 
o 

H 

■^  o 
o 

3 

—  ao 

o 

^  o 
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OR 

^2 

O 

g 

n 

a> 

;-< 
o 

O 

More  than  7  to  15  days 

2 
5 

104 
85 
55 
10 

8 

86 
73 
35 
9 
9 
2 
3 
1 
2 
6 

226 

14 

12 

11 

1 

11 

9 
5 

1 
1 

a 

4 

2 
5 
1 

11 

5 
5 
1 

44 

17 

7 

2 

1 

8 
7 
3 
2 

4 
1 
3 

2<14 

More  than  15  to  30  days ...        .     .           .             

99^ 

More  than  30  to  60  days 

1?5 

More  than  (50  to  100  davs 

'><i 

More  than  100  to  200  davs 

1<J 

More  than  200  to  300  days   ..                             

? 

More  than  300  to  500  daj'S 

2 

1 

5 

More  than  500  to  1  000  daj's 

1 

3 

More  than  1  000  to  1  500  davs                                  

?, 

More  than  1,500  days  to  8  years 

1 

1 
39 

1 
28 

12 

2 

10 

3    .... 

14 

Total 

7 

266 

22 

72 

23 

8 

713 

Table  No.  56. — Statement  of  injuries  sustained  by  employees  of  The  Panama  Canal, 
July  1,  1915,  to  June  80,  1916,  for  which  compensation  uas  due  or  claimed  tinder 
Executive  order  No.  1902,  dated  March  20,  1914. 


Department  or  division. 
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Injuries  reported 

777 

2 

96 

31 

158 

43 

43 

339 

557 

10 

123 

15 

42 

85 

1 

2,349 

Claims  for  injuries: 

Filed 

201 
192 

50 
49 

8 
7 

61 

58 

23 
23 

18 
16 

13:J 
124 

186 
174 

3 
3 

53 
51 

6 
2 

16 
16 

13 
13 

1 
1 

8 
8 

3 
2 

2 
2 

785 

ApDroved 

741 

Disapproved 

Under  7  davs,  no 

6 

1 

V 

? 

H 

10 

1 

4 

35 
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46 

23 

97 
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7 
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9 

26 
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5 
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1 

1 

1 

9 
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9 

Accidental  deaths  re- 

ported   

? 

1 

1 

15 

9 
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I 

1 

3 

3'^ 

Claims  account  death : 

Filed           

2 

9 

1 
1 

1 

15 
3 

9 

5 

1 

1 

1 

... 

3 
1 

39 

Approved 

14 

1 

1 

1 

1 

6 

1 

11 

3 

1 

1 

1 

19 

Total  accidents 

reported 

779 

2 

96 

31 

159 

43 

44 
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11 

124 

15 

43 

89 
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13 

11 
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Table  No.  G3. — Comparative  statement  of  store  balances,  July  1,  1915,  and  Juhi  /,  191G. 


Quartermaster  stores  (bj-  classes). 


Class  1-A.  New  York  air-brake  material 

1-B.  Westinghouse  air-brake  material 

2  Mechanical  appliances  for  locomotives  and  boilers 

3  Locomotive  repair  parts 

4  Car  repair  i)arls 

5  Equipment  parts 

6  Rock,  sand,  and  gravel 

9-A.  Power-driven  shop  machines  and  parts 

9-B.  Pneumatic  and  electric  hand  tools 

9-C.  Hand  tools 

9-D .  Sur\-eying  instruments,  typewriters,  etc 

10-A.  Tiig-boat  repair  parts 

10-B.  Suction  dredge  repair  parts 

10-C.  Ladder  dredge  repair  parts 

10-D.  Dipper  dredge  repair  parts 

10-E .  Clapet  repair  parts 

10-F.  Barge  repair  parts 

10-G.  Marine  hardware  and  equipment 

11-A.  Electric  lighting  material  for  buildings,  etc 

11-B.  Electric  material  for  locomotives,  etc 

11-C.  Electric  material  for  power  plants 

11-D.  Telephone,  telegraph,  and  signal  material 

12  Explosives 

13  Foundry  supplies 

14-A.  Iron  castings,  rough \_\ 

14-B.  Steel  castings,  rough 

14-C.  Brass  castings,  rough 

15  Stationery  and  printing  equipment ' 

16  Furniture,  hotel  equipment,  etc 

17  Corral  equipment  and  supplies 

18-A.  Track  material,  rail,  frogs,  etc 

18-B.  Track  fastenings 

18-C.  Track  tools '...'.'.'.'./.'.'.'.'.'. 

19  Building  material,  cement,  etc 

20  Lumber,  piling,  and  ties 

21  Steel  and  iron 

22  Pipe(boiler  and  condenser  tubes)... 

23  Pipe  fittings 

24  Metals,  brass  and  copper  pipe 

25  Bolts,  nuts,  rivets,  etc 

26  Hardware " 

27  Rubber  and  leather  goods 

28  Paints,  oils,  drugs,  etc 

29-A.  Lubricants  and  containers 

29-B.  Illuminants,  compounds,  waste,  etc. 

30  Fuel .  .  

31  Obsolete '.'.V.V.'.V////.'......... 

32-A.  Scrap,  copper,  brass,  etc 

32-B.  Scrap,  all  kinds  not  included  in  32-A 

...      „  Total  quartermaster  stores 

Miscellaneous  district  q  uartermaster  stores . 

Fuel  oil 

Medical  store !.!!!!!!!!!!!! 

Stationery  store,  basement 

Printing  plant 


July  1,  1915. 


$5, 729. 61 

23, 466.  71 

45, 648. 56 

53,477.65 

151,943.25 

136, 498.  88 

16,216.28 

28,057.62 

27, 520.  55 

40, 572.  46 

4,979.00 

20,047.68 

90, 126.  24 

83,069.28 

69, 138.  47 

2,104.20 

9,021.66 

9, 70.3. 60 

131,306.43 

6,581.70 

343,336.69 

27, 961.  56 

40,411.18 

58,098.51 

41,817.57 

21,276.30 

34, 952.  48 

1,496.74 

29,992.38 

25,344.02 

6, 090. 91 

19,460.06 

13,777.74 

133, 720.  50 

168, 284. 09 

380, 841. 38 

65, 701. 01 

146,093.15 

90, 407. 56 

67, 545.  41 

6.5,943.  &5 

123,957.14 

124,856.57 

27,151.53 

8,041.60 

7, 192.  82 

898.  72 

3,852.85 

17,901.77 


3,054,615.92 
20, 090. 03 
99, 862. 74 
51,815.44 
11,286.67 
46, 573. 55 


3,284,244.35 


July  1,  1916. 


87,211.34 
28, 197.  48 
44,243.8.5 
58, 262. 50 
230, 454. 22 
181,703.41 


59,015.26 

31,259.70 

57, 185. 13 

6,627.50 

25,942.14 

119,820.29 

94,201.32 

127, 160.  53 

4,259.65 

24,639.22 

25, 857. 91 

132, 732.  70 

1,093.09 

433, 139.  76 

28, 501. 98 

54,352.53 

73, 282. 90 

43,03.3.81 

28,013.34 

39, 483. 35 

779.  09 

32,913.44 

35, 131. 15 

6, 409. 39 

16,114.44 

17,631.02 

124, 643.  76 

277,849.48 

509, 178.  51 

120,034.18 

164,358.32 

147, 689.  29 

83,  a50. 08 

120, 833. 68 

224,960.99 

188, 745. 16 

55, 46.5.  48 

69, 719.  70 

14,781.78 

70. 50 

20, 137.  74 

11,887.54 


4,202,859.63 
7, 572.  42 
95, 714.  60 
56, 178. 05 
12, 862. 16 
53, 406.  43 


4,428,593.29 


Table  No.  64. 


-C.  I.  F.  cost  of  material  and  supplies  sold  during  the  year  ending  June 
30.  1916. 


Groceries 

Hardware 

Dry  goods 

Boots  and  shoes 

Cold  storage 

Tobacco 

Raw  material.. 

Total 


On  hand 
July  1,  1915. 


8273, 
77, 
435, 
147, 
74, 
30, 
4L 


942.  23 
267.  2(5 
428.  21 
549.  56 
726.  73 
295.  69 
123. 16 


1,080,. 332.  84 


Purchases. 


$1,818,994.20 
237,761.91 
895,391.53 
236, 827. 86 
2,121,137.90 
267,699.20 
620,092.43 


6,197,905.03 


On  hand 
June  30, 1916. 


$320,907.62 
100,738.92 
503, 161. 26 
155,841.52 
134,985.34 
29, 738. 50 
115,018.18 


1,360,391.34 


Sold. 


,772,028.81 
214, 290.  25 
827, 658.  48 
228, 535. 90 

,060,879.29 
268, 256. 39 
546, 197.  41 


5, 917,  846.  .53 
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Table  No.  G4. — C.  I.  F.  cost  of  material  and  supplies  sold  during  the  year  ending  June 

SO,  J9J6— Continued 

PERCENTAGE  OF  SURCHARGE  EARNED  ON  COST. 


Sold. 


Earned 
surcharge. 


Percentage 

earned  on 

cost. 


Groceries 

Hardware 

Dry  goods 

Boots  and  shoes 

Cold  storage 

Tobacco 

Total 


$1,772,028.81 
214,290.25 
827, 658.  48 
228,535.90 
2, 060, 879.  29 
268,256.39 


$321,723.16 
63,664.45 
292,824.03 
64,326.05 
529,274.31 
131,427.35 


5,371,649.12 


1,403,239.35 


18.16 
29.71 
35.38 
28.15 
25.68 
48.99 


26.12 


LOCATION  OF  PURCHASES. 

United  States S4, 944, 83R.  79 

Foreign 661, 115. 94 

Local 547, 212. 41 

Panama  Canal 44, 739. 89 

Total 6, 197, 905. 03 

CLASSIFICATION  BY  COMMODITIES. 

Groceries $1, 818, 994. 20 

Hardware 237,  761. 91 

Dry  goods 8.^5, 391. 53 

Boots  and  shoes 236, 827.  86 

Cold  storage 2, 121, 137.  90 

Tobacco 267, 699.  20 

Raw  material 620, 092. 43 

Total 6, 197,905.03 

Table   No.   65. — Supply  department,   commissary  branches tatement  showing  distri- 
bution of  sale  for  the  year  ending  June  30,  1916. 


Commissary 
department. 


Manufactur- 
mg  plants. 


Total. 


To  Panama  Canal 

Panama  Railroad 

Individuals  and  companies. 
United  States  Government. 

Steamships 

Washington  Hotel 

Paid  orders 

Coupons 


Total. 


Supplied  for  equipment: 
Commissary  expense. 

(I eneral  expense 

Plants  for  expense. . . 


Total. 


Grand  total 

Loss  by  condemnation,  shrinkage,  etc. . . 
Loss  by  clerical  errors,  pilfering,  fire,  etc. 


SI,  098, 286. 71 

43,921.91 

168,296.54 

1,005,022.50 

287,771.83 

48,847.04 

136,027.83 

4,115,283.06 


$159, 575. 18 
16,010.25 
18,560.86 
139,266.60 
8,027.84 
10,417.12 
59,454.10 
41,850.20 


6,903,457.42 


453,162.15 


68,477.82 

34  2., 50 

35,709.78 


80,693.41 

511.35 

76,732.93 


104,530.10 


157,937.69 


7,007,987.52 


611,099.84 


11,257.861.89 

59, 932. 16 

186,857.40 

1,144,289.10 

295,799.67 

59,264.16 

195,481.93 

4,157,133.26 


7,  .3.56, 619. 57 


149,171.23 

aw.  85 

112,442.71 


262,467.79 


7,752,902.82 
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Tabi-e  No.  66. — Detailed  statement  oj  classified  expenditures  for  civil  administration 
and  Canal  Zone  fjovernment  for  the  fiscal  year  ended  June  oO,  1916,  and  total  from 
beginning  of  work  to  date. 


Administration 

Supreme  and  circuit 
courts 

Prosecuting  attorney 

District  courts  (old), 
mag  istrates 

District  courts  (new) 

District  attorney 

Canal  Zone  marshal 

Division  of  revenues 

Division  of  posts 

Purchase  of  stamps 

Division  of  customs 

Division  of  lands  and 
buildings 

Division  of  estates 

Police  and  prisons 

Fire  protection 

Public  schools 

Construction  of  school- 
houses  

Repairs  of  schoolhouses. . 

Sanitation 

Zone  charity 

Miscellaneous  Zone  pub- 
lic works 

Treasurer  of  Canal  Zone. 

CorL^itruction  of  build- 
ings  

Repairs  of  buildings 

Survey  of  lands,  Canal 
Zone 

Miscellaneous  contin- 
gent  

Construction  of  roads 
and  trails 

Maintenance  of  roads 
and  trails 

Construction,  water- 
works and  sewers 

Maintenance,  water- 
works and  sewers 

Special  attorney 

Municipal  expenses 


Zone  funds. 


Fiscal  year 
191G. 


$1,2.S2.30 


Total  to 
date. 


$112,053.80 


9.11 

7,624.24 
22,  070. 12 


60,541.30 
581,175.96 
322.299.29 


488. 13 


2.664.27 


2,881.68 
59.82 


200.00 
7.60 


17, 199. 14 
590. 11 


2.418.06 


80,507.04 


598,611.73 

136,933.52 

28,186.36 
89.924.15 
18, 376. 90 

72,286.54 


Civil  administration. 


Fiscal  year 
1916. 


2,411.91 


11,002.08 
16,557.36 
6, 978. 74 
7,460.45 


113,731.11 
19,677.76 
19,787.98 


2,417,45 
178, 876. 62 
66.293.46 
67,206.57 


34,677.51 
485,572.91 
161,637.82 
51,965.20 
13,504.02 


Total 57,494.61     2,86.8,915.14 


Total  to 
date. 


$668, 280. 73 

396,429.00 
39,558.47 

11,002.08 
36,902.87 
18,056.49 
17,144.58 
196,019.21 
1,051,680.78 


127,740.52 

108, 172. 17 

38,433.59 

2,897,932.04 

1,032,938.71 

67,206.57 


34.825.11 
52,944.05 


549, 595. 17 

28,745.75 


75,000.00 


9,206.03 
25.72 


7,457,839.67 


Grand  total. 


Fiscal  vear 
1916. 


$2,411.91 


12,284.38 

16.557.43 

6, 978. 74 

7,460.45 

9.14 

121.355.35 

41,747.88 

19,787.98 


2,417.45 
179,364.75 
66,293.46 
69, 870. 84 

2,881.68 
59.82 


200.00 
7.60 


17, 199. 14 

590. 11 

2,418.06 


25.72 


569,921.82 


Total  to 
date. 


$668, 2,S0. 73 

396.429.00 
39,558.47 

123,055.88 
36,902.87 
18,056.49 
17,144.58 

256, 560. 51 
1, 632, 856. 74 

322,299.29 

127,740,52 

108, 172. 17 

38, 433., 19 

2,978,439.08 

1.032,938.71 

665,818.30 

136.933.52 
28,186.36 
89,924.15 
18,376.90 

107,111.68 
62.944.05 

570,256.26 
28, 745. 75 

75,000.00 

34,677.51 

485,572.91 

161,637.82 

51,965.20 

13,504.02 

9, 206. 03 

25.72 


10,326,754.81 
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APPENDIX  I. 

REPORT  OF  THE   EXECUTIVE   SECRETARY.  EXECUTIVE 
DEPARTMENT. 


Balboa  Heights,  Canal  Zone,  August  12,  1916. 
Sir:  I  submit  herewith  a  report  coverino-  the  work  of  the  execulive 
departm(>nt  during  the  liscal  year  1916.  This  inchides  a  statement 
of  the  business  transacted  by  the  courts  of  the  Canal  Zone,  which  for 
administrative  purposes  only  are  considered  in  the  executive  depart- 
ment . 

Organization. 

The  organization  of  the  executive  department  was  continued  along 
the  lines  indicated  in  the  reports  for  1914  and  1915. 

Executive  Office. 

The  routme  work  of  the  executive  office,  conducted  through  the 
correspondence,  personnel,  record,  timekeeping,  property,  and 
requisition,  and  general  bureaus  was  carried  on  along  the  Imes  here- 
tofore outlined.  The  work  of  the  bureau  of  clubs  and  pla^^grounds 
was  also  conducted  under  the  executive  office. 

bureau  of  clubs  and  playgrounds. 

Clubhouses  for  gold  employees  were  operated  at  Cristobal,  Gatun, 
Pedro  Miguel,  Corozal,  Ancon,  and  Balboa,  and  for  sdver  employees 
at  Gatun  and  La  Boca.  The  clubhouse  for  gold  employees  at  Ancon, 
composed  of  the  old  district  quartermaster's  office  and  an  extensive 
addition,  was  erected  at  a  cost  of  $21,863,  derived  from  clubhouse 
funds  collected  since  1907.  It  was  opened  on  April  8.  The  club- 
house at  Corozal  was  closed  on  November  15  and  was  taken  over  by 
the  Army  authorities.  At  Paraiso  the  lodge  hall  was  used  one 
evening  a  week  to  show  moving  pictures.  The  clubhouse  of  the 
Balboa^  yacht  club  was  opened  on  May  29.  The  tarpon  club,  organ- 
ized for  fishing  at  Gatun  Spillway,  constructed  a  clubhouse  at  the 
Spillway  from  funds  collected  from  memberships.  A  golf  club  was 
organized  at  Gatun  and  links  were  laid  out  on  the  slope  of  the  dam 
between  Gatun  Locks  and  the  Spillway. 

At  Balboa  an  outdoor  swimming  pool  65  by  125  feet  and  Irom  3 
to  12  feet  deep  was  constructed  adjacent  to  the  clubhouse.  It  is 
supplied  with  salt  water  pumped  direct  from  below  tide  level. 

Playgrounds  have  been  set  aside  in  Cristobal  for  immediate  develop- 
ment and  in  Cristobal  and  Ancon  for  later  development. 

In  addition  to  their  ordinary  functions  the  clubhouses  presented 
lyceum  entertainments  and  local  dramatic  and  musical  entertam- 
ments.  An  independent  film  service  was  maintained  with  a  run 
of  140,000  feet  of  moving  pictures  weekly.  Dances  were  held 
biweekly  imder  the  auspices  of  the  clubhouses  and  the  dance  floors 
have  been  used  by  various  social  and  fraternal  organizations. 

The  clubhouses  continue  as  the  centers  of  organized  social  move- 
ments, such  as  musical  clubs.  Boy  Scouts,  Camp  Fire  Girls,  athletic 
clubs,  chess  clubs,  and  other  organizations  of  employees. 
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In  clubhouses  having  assistant  secretaries  actmg  as  physical 
directors,  g5rmnasium  activities  continued  popular,  the  largest  dasses 
being  those  for  women,  the  enrollment  at  the  Balboa  clubhouse 
exceeding  70  women.  Calisthenic  drills  for  school  children  at  Ancon 
and  Balboa  schools  were  continued  during  the  past  year  by  the 
physical  director  of  the  Balboa  clubhouse.  At  Balboa  during  the 
dry  season  afternoon  baseball  was  promoted  by  the  twilight  and 
smiset  leagues,  playing  from  shortly  after  4  until  dusk  at  6.30  p.  m. 
The  Governor's  pennant  in  the  Panama  Canal  baseball  league  was 
won  by  the  Balboa  team. 

In  towns  in  which  the  Union  Church  did  not  make  use  of  the  club- 
houses for  an  evening  church  service,  the  clul)houses  conducted  a 
community  Sunday  evening  service  of  song.  Bible  classes  were  also 
conducted  in  four  of  the  clubhouses. 

In  the  absence  of  an  official  celebration  of  the  Fourth  of  July  in 
1915,  the  Balboa  clubhouse  promoted  a  community  celebration  in 
which  all  of  the  towns  on  the  Isthmus  joined.  The  cost  of  the  cele- 
bration, which  was  over  $1,100,  was  defrayed  by  subscription  among 
the  residents  of  Balboa  and  Ancon. 

During  the  year  the  sum  of  $27,519.03  was  expended  in  permanent 
improvements  on  playgrounds  and  buildings.  Tlie  following  is  a 
statement  of  the  net  receipts  and  expenditures  resultmg  from  club- 
house operations,  and  included  the  investments  in  playgrounds  and 
improvements : 

Balance  on  hand  July  1,  1915 $21,  339.  50 

Net  receipts: 

Membership $10, 173.  22 

Soda  fountain 10,  931.  44 

Billiards  and  pocket  billiards 2,  262.  22 

Motion  pictures 114.  32 

Pressing  club 125.  43 

Cigars  and  candy 7, 006.  56 

Rentals 437.20 

Tenuis  club 135.  82 

Playgrounds 100.  03 

Brake  service 401.  02 

Fishing  tackle 36.  47 

Swimming  tank 15.  76 

31,739.49 

,,   ,  T,  53,078.99 

Net  expenditures:  ' 

Bowling  alleys 256.  05 

Entertainments 2, 512.  72 

Office  help : 4,  612.  94 

Library  books  and  periodicals 1,  097.  56 

Maintenance  and  general  expenses 5,  961.  81 

Supplies  and  eq uipmeut 1,  843.  64 

Salable  merchandise 483.  14 

Activities 761.  20 

Tournaments 317.  17 

Gun  club 175.  03 

Golf  club 700.  00 

Golf  club— salable  merchandise 205.  44 

Baseball  grounds 170.  63 

New  buildings 21,  863.  47 

Balboa  yacht  club 4,  321.  63 

45,282.43 

Balance  on  hand  June  30,  1916 7,  796.  56 

Estimated  liabilities  June  30,  1916 8,  587.  72 

Deficit 719.  16 
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Tlio  total  expenses  paid  by  the  Government  for  salaries  of  secre- 
taries and  janitors,  ui)keop  of  buildings,  fui-nitui-e,  etc.,  are  $48,291.36, 
as  compai-ed  with  $42,568.16  last  year. 

DIVISION    OF    CIVIL    AFFAIRS. 

Tlie  work  of  the  customs,  posts,  local  licensing,  administration  of 
estates  of  deceased  employees,  shipping  commissioner,  and  pubhca- 
tion  of  the  weekly  bulletin,  the  Canal  Kecord,  was  carried  on  by  this 
division,  and  details  will  be  found  in  Tables  Nos.  1  to  15  accompany- 
ing this  report. 

SHIPPING   COMMISSIONER. 

Tlie  duties  of  sliippin^  commissioner  have  been  delegated  to  this 
division  and  it  has  exercised  practically  the  same  powers  as  are  exer- 
cised by  American  consuls  in  foreign  ports.  This  power  has  been 
questioned  and  Congress  was  requested  to  enact  legislation  making 
it  definite,  and  the  following  provision  was  enacted  in  H.  R.  15955, 
which  was  passed  by  the  House  of  Representatives  on  June  17: 

The  laws  relating  to  seamen  of  vessels  of  the  United  States  on  foreign  voyages 
shall  apply  to  seamen  of  all  vessels  of  the  United  States  at  the  Panama  Canal  Zone, 
whether  such  vessels  be  registered  or  enrolled  and  licensed,  and  the  powers  m  respect 
of  such  seamen  of  such  vessels  bestowed  by  law  upon  consular  ofhcers  of  the  United 
States  in  foreign  ports  and  upon  shipping  commissioners  in  ports  of  the  Umted  States 
are  hereby  bestowed  upon  the  shipping  commissioner  and  deputy  shipping  commis- 
sioners of  the  Panama  Canal  Zone. 

In  the  same  connection  the  diplomatic  and  consular  appropria- 
tion act  which  became  law  on  July  1  included  the  Panama  Caual  Zone 
in  the  countries  to  which  relief  and  protection  of  American  seamen 
may  be  extended. 

CUSTOMS. 

On  September  1,  1915,  the  Government  of  Panama  was  notified 
that  the  existing  Chinese  exclusion  laws  should  not  be  held  to  apply 
to  Chinese  crews  of  vessels.  Customs  officers  were  directed  to  con- 
tinue checking  the  Chinese  crews,  but  to  make  no  further  effort  to 
prevent  them  from  coming  ashore  in  the  Canal  Zone. 

Section  10  of  the  Panama  Canal  act  which  confers  authority  upon 
the  Governor  to  prohibit  any  person  from  remaining  on  or  passing 
over  any  part  of  the  Canal  Zone,  and  to  require  a  ship  bringing  an 
undesirable  to  the  Canal  Zone  to  return  him  to  the  place  of  origin, 
will  not  become  operative  until  the  canal  is  officially  declared  open. 
Legislation  has  been  requested  therefore  to  confer  this  power  upon 
the   Governor   pencUng   operation   of   this   section   of   the   Panama 

Canal  act.  .  j  .  ro 

Dm-ing  the  year  395  prohibited  aliens  arrived  at  iJalboa  and  158 
at  Cristobal  in  transit  to  the  RepubUc  of  Panama  and  other  countries. 
By  authority  of  Panamanian  officials  343  were  allowed  to  disembark, 
1  escaped,  3  were  transferred  to  their  vessels  or  returned  to  the  port 
of  embarkation,  and  206  were  transferred  passengers.  These  figures 
apply  to  passengei-s  only,  and  not  to  members  of  crews. 
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Tlie  customs  bureau  and  police  division  are  in  possession  of  infor- 
mation indicating  that  large  C[uantities  of  opium  are  smuggled  tlu'ough 
the  Canal  Zone  into  the  Republic  of  Panama  and  that  a  consider- 
able portion  is  later  smuggled  into  the  United  States.  Tliis  is  a  most 
l)ermcious  traffic,  and  both  the  customs  bureau  and  the  police  divi- 
sion have  made  every  effort  within  their  power  to  break  it  up.  This 
traffic  is  so  profitable  that  it  can  only  be  broken  up  by  assessing 
heavy  fines  and  giving  long  prison  sentences.  Tlie  penalty  for  smug- 
gling opium  is  a  maximum  fuie  of  $5,000  and  a  minimum  fuie  of 
$50  and  imprisonment  not  exceeding  two  years,  or  both  such  fine 
and  imprisonment.  During  the  year  there  were  35  arrests  of  per- 
sons on  this  charge,  of  whom  6  were  acqidtted.  In  the  majority  of 
cases  the  minimum  fine  only  was  assessed.  Tlie  greatest  fijie  assessed 
any  incUvidual  was  $100,  and  the  greatest  fuie  assessed  against  a 
ship  was  $190.  It  will  be  a  hard  problem  to  cope  with  until  heavier 
penalties  are  inflicted. 

In  spite  of  the  fact  that  the  canal  was  closed  several  months  of 
the  fiscal  year,  it  will  be  noted  from  Table  No.  1  that  there  has  been 
practically  no  decrease  in  shipping  at  Balboa  and  Cristobal.  Tlie 
total  number  of  vessels  entered  was  2,130  and  the  total  number  of 
A'essels  cleared  2,123,  as  compared  with  2,135  entered  and  2,125 
cleared  during  the  previous  fiscal  year.  There  were  2,631  seamen 
slupped  on  American  vessels  and  2,475  seamen  discharged,  as  com- 
pared with  1,033  shipped  and  941  cfischarged  during  the  preceding 
year.  Tlie  greatly  increased  work  has  been  performed  by  the  same 
force  as  in  June,  1915,  consisting  of  two  chief  customs  inspectors, 
seven  customs  inspectors,  and  one  messenger.  The  estimates  for  the 
fiscal  5^ear  ending  June  30,  1917,  call  for  an  addition  of  three 
inspectors. 

LICENSES   AND   TAXES. 

Motor  vehicle  and  bicycle  licenses  are  issued  by  the  division  of 
civil  affairs,  as  well  as  licenses  for  hunting  and  carrying  firearms  and 
permits  for  the  peddling  of  foodstuffs.  During  the  fiscal  year  1916 
there  were  2,569  such  licenses  and  permits  issued,  of  which  1,078 
were  for  motor  vehicles.  Motor- vehicle  license  fees  in  the  Canal 
Zone  have  always  been  considered  excessive,  and  an  attempt  has 
been  made  to  have  them  reduced.  In  a  biU  passed  by  the  House 
of  Representatives  on  June  17,  1916  (H.  R.  15955),  the  President 
is  given  power,  among  other  things,  to  make  rules  for  regulating 
licenses  and  taxing  the  use  or  operation  of  all  self-propelled  vehi- 
cles using  public  highways  in  the  Canal  Zone.  If  this  bill  becomes 
a  law  it  is  proposed  to  reduce  motor- vehicle  license  fees. 

CANAL   RECORD. 

Tlie  Canal  Record  was  continued  dm-iiig  the  year  as  a  weekly 
paper  devoted  to  the  publication  of  shipping  news,  statistics  of 
traffic,  executive  orders,  official  advertisements,  notices,  and  cir- 
culai-s.  Incpiiries  have  been  addressed  to  a  great  many  shipping 
interests  asking  for  suggestions  as  to  any  method  of  making  statis- 
tics of  traffic  more  complete.  It  is  intended  that  these  statistics 
should  cover  as  broad  a  scope  as  possible. 
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It  is  found  necessary  to  continue  the  Canal  Record  as  an  8-pa^e 
quarto,  but  the  cost  of  publication  was  reduced  from  $13,585.15  m 
1915  to  $10,806.28  in  1916.  Collections  on  account  of  subscriptions 
and  the  sale  of  extra  copies  and  bound  forms  amounted  to  $561.50. 

POSTAL  SERVICE. 

Attention  is  invited  to  the  statement  of  postal  receipts  and  ex- 
penditures whicli  is  appended  to  this  report.  It  will  be  noted  that 
the  receipts  for  1916  were  $1,060.90  more  than  in  the  previous  year. 
The  expenses  were  $9,739.19  less.  The  deficit  was  $44,527.14,  as 
compared  with  $55,327.23  in  1915.  In  any  consideration  of  the 
postal  deficit  it  should  be  remembered  that  the  postal  service  is  still 
burdened  with  a  subsidy  to  the  Panama  Government  eciuivalent  to 
40  per  cent  of  its  total  stamp  sales — in  1916,  $27,207.86 — and  that 
the  service  is  allowed  no  credit  in  the  accounts  for  the  interest  earned 
by  money-order  and  postal-savuigs  funds  on  deposit  with  banks, 
amounting  m  1916,  according  to  an  estimate  furnished  by  the  auditor, 
to  about  $39,000.  If  the  subsidy  were  withdrawn  and  the  credit 
were  allowed  for  interest  earned  by  these  funds,  the  account  would 
show  a  surplus  of  approximately  $20,000. 

Deposit  money  orders  issued  during  the  year  had  a  total  value 
of  $1,101,190,  and  payments  of  deposit  money  orders  durmg  the 
same  period  aggregated  $1,103,340,  leaving  a  balance  on  deposit 
on  June  30,  1916,  of  $350,650.  When  deposit  money  orders  were 
substituted  for  the  postal-savings  system  in  the  Canal  Zone  it 
was  decided  that  postal-savings  certificates  would  be  paid  only  as 
they  were  called  for  by  the  depositors.  On  July  1,  1915,  there 
were  still  open  348  of  the  original  postal-savings  accounts,  repre- 
sented by  unpaid  certificates  for  $124,661.  The  certificates  paid 
during  the  fiscal  year  1916  totaled  $110,360,  leaving  on  June 
30,  1916,  accounts  aggregating  $14,301.  AU  these  open  postal- 
savuigs  accounts  were  turned  in  to  the  accounting  department  on 
June  30,  1916,  and  will  be  paid  direct  by  that  department  on  re- 
quest instead  of  being  handled  by  post  offices.  The  total  amoxmt 
deposited  with  post  offices  on  June  30,  1916,  was,  therefore,  $377,- 
617.80. 

As  previously  stated  in  this  report,  a  large  part  of  the  deficit  of 
the  Canal  Zone  postal  system  would  be  wiped  out  if  the  postal  divi- 
sion were  allowed  interest  received  from  Canal  Zone  money-order 
funds  deposited  in  banks  under  Canal  Zone  regulations.  In  the 
past  these  earnmgs  have  been  deposited  with  the  United  States 
Treasurer.  If  tliis  interest  were  credited  to  the  postal  division,  it 
would  also  permit  the  payment  of  interest  upon  deposit  money  orders. 
The  following  sections  were  therefore  made  a  part  of  a  biU  which 
passed  the  House  of  Representatives  on  June  17,  1916  (H.  R.  15955): 

Sec.  7.  That  deposit  money  orders  issued  in  the  Canal  Zone  in  lieu  of  postal-sav- 
ings certificates  in  accordance  with  the  rules  and  regulations  heretofore  established 
by  the  President,  or  that  may  hereafter  be  established  by  him,  shall  bear  interest 
at  a  rate  not  exceeding  two  per  centum  per  annum. 

Sec.  8.  That  the  interest  received  from  the  Canal  Zone  money-order  funds  de- 
posited in  banks  under  Canal  Zone  regulations  shall  be  available  to  paj^  the  interest 
on  deposit  money  orders  authorized  by  the  preceding  section.  Such  interest  shall 
also  be  available  to  pay  any  losses  which  are  chargeable  to  the  Canal  Zone  postal 


service. 
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It  is  hoped  that  this  legislation  will  be  enacted. 

Mail  addressed  to  ships  transiting  the  canal  is  sent  to  the  office 
of  the  captain  of  the  port  at  which  the  ship  is  due  to  arrive  first,  and 
is  delivered  on  board  the  ship  by  the  boardmg  officer  of  the  customs 
service,  who  is  also  prepared  to  seU  stamps,  accept  letters  for  regis- 
try, as  weU  as  ordinary  mail,  and  furnish  apphcations  for  both 
domestic  and  international  money  orders,  taking  the  money  from 
the  remitter  and  issumg  a  receipt  for  the  same. 

At  present  the  service  is  confronted  with  the  serious  problem  of 
the  rifling  of  registered  mail  dispatched  to  the  different  islands  of 
the  West  Indies,  and  this  matter  has  become  so  serious  that  it  has 
become  necessary  to  for^vard  aU  such  mail  through  the  New  York, 
N.  Y.,  exchange  post  office.  This  causes  considerable  delay,  but  is 
necessary  in  order  to  insure  the  safe  dispatch  of  this  mail.  This 
matter  is  still  under  investigation,  and  representations  are  being 
made  to  the  postal  services  of  France  and  the  West  Indies  in  con- 
nection therewith.  It  has  been  estabUshed  that  the  rifling  did  not 
take  place  in  the  Canal  Zone,  as  the  dispatches  were  witnessed  at 
the  Cristobal  exchange  post  office  by  either  the  postmaster  or  the 
post-office  inspector.  The  assistance  of  the  American  consuls  at 
the  different  West  Indian  ports  has  been  enlisted,  and  it  is  hoped 
that  this  investigation  will  be  completed  and  the  matter  satisfac- 
torily adjusted.  There  are  at  present  under  investigation  33  cases 
of  the  rifling  of  registered  mail,  pertaining  principally  to  mail  dis- 
patched to  the  West  Indies. 

In  June,  1915,  the  limit  of  weight  of  mail  matter  of  the  third  and 
fourth  classes  was  raised  from  11  pounds  to  20  pounds  to  conform 
with  the  parcel-post  weights  in  effect  in  the  United  States. 

POLICE    AND   FIRE    DIVISION. 

Detailed  statements  of  work  of  the  police  and  fire  forces  and  of  the 
penal  work  of  The  Panama  Canal  will  be  found  m  Tables  Nos.  16  to  59 
accompanying  this  report. 

POLICE    SECTION. 

Contrary  to  expectation  necessary  police  work  did  not  diminish 
during  the  year  1016,  and  it  was  found  that  the  appropriations  for  the 
year  were  inadequate.  Changes  were  made,  however,  which  resulted 
in  the  discharge  of  23  second-class,  or  colored,  policemen  and  the 
reduction  of  pay  of  42  first-class,  or  American,  policemen  and  13 
second  class.  The  colored  policemen  on  the  Panama  Railroad 
wharves  at  Cristobal  and  Balboa  were  replaced  on  July  1  by  23  white 
poUcemen.  Wlien  the  work  of  cargo  handling  fell  off  upon  the 
reopening  of  the  canal  the  force  on  U\e  wharves  was  reduced  to  16 
first  class  and  6  second  class  policemen. 

For  military  reasons  the  force  of  policemen  on  the  locks  was  in- 
creased by  41  first-class  officers  on  April  20,  and  these  men  were 
recruited  from  the  military  force  on  the  Isthmus.  A  patrol  launch 
was  operated  at  the  Pacific  entrance  of  the  canal  to  prevent  smuggling 
and  irregular  trading,  one  at  the  entrance  of  GaiUard  Cut  at  Gamboa, 
and  one  in  Gatun  Lake,  making  regular  inspection  trips  and  assisting 
in  the  work  of  depopulating  the  Canal  Zone. 
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The  course  of  target  practice  was  continued,  150  policemen  taking 

Continuous  guard  duty  was  performed  by  policemen  at  Pedro 
Mio-uel  and  Miraflores  Locks  and  three  plain  clothes  men  were  sta- 
tioned at  Gatun  Locks  which  are  guarded  by  miUtary  forces. 

A  census  of  all  liabitations  and  cultivations  remaining  m  the  Canal 
Zone  was  made  during  November  and  montlily  inspection  thereafter 
assisted  in  keeping  new  cultivations  or  settlements  from  being  made. 
Notice  was  served  upon  all  persons  residing  or  havhig  cultivations 
within  the  80  and  100  feet  contour  lines  of  Gatun  Lake  that  they 
would  not  be  allowed  to  make  new  cultivations  after  1915.  A  com- 
plete census  of  the  Canal  Zone  was  made  during  the  month  of  June  and 
the  results  are  found  in  Table  No.  59  accompanying  this  report. 

FIRE    SECTION. 

The  fire  force  remained  the  same  as  at  the  close  of  the  last  fiscal 
year.  The  work  of  the  department  is  classified  in  Tables  43  to  59 
of  this  report.  The  only  important  fire  occurring  in  the  Canal  Zone 
was  that  m  the  steamship  Antonio  Loi^ez,  at  Cristobal,  which  w^as 
extinguished  after  a  loss  of  $20,000. 

CRIMES   AND   PENOLOGY. 

Tables  Nos.  21  to  30  accompanying  this  report  give  data  of  crimes 
and  criminals  in  the  Canal  Zone  during  the  fiscal  year.  Four  thousand 
four  hundred  and  eighty  persons  were  arrested,  of  whom  274  w^ere 
females;  4,167  were  given  court  trials,  and  3,389  were  convicted, 
767  were  discharged,  and  11  were  awaiting  trial  at  the  close  of  the 
year.  Of  the  remaining  313  arrested  and  held  ui  custody  4  were  sent 
to  the  asylum  for  the  insane,  64  were  turned  over  to  the  military 
authorities,  43  to  the  quarantme  authorities,  27  to  the  Panamanian 
Government,  3  were  extradited,  8  forfeited  their  bad  by  fading  to 
appear  for  trial,  97  were  deported,  and  66  were  returned  to  merchant 
vessels. 

Five  homicides  were  committed.  One  offender,  a  woman,  was 
acquitted,  one  was  sentenced  to  one  year  and  six  months  in  the  peni- 
tentiary, one  to  20  years  in  the  penitentiary,  and  two  were  awaiting 
trial  at  the  close  of  the  year. 

In  cooperation  with  the  customs  officers,  special  eftort  was  made 
to  break  up  the  traffic  in  smuggling  opium  across  the  Isthmus. 
Thirty-five  persons  were  arrested,  of  whom  29  were  convicted  and  6 
dismissed.  Charges  were  filed  also  against  three  vessels;  fuies  were 
imposed  against  two  and  one  was  dismissed.  Fmes  amounting  to 
$2,290  were  imposed.  r^       i  ry 

Ninety-seven  persons  were  deported  from  the  Canal  Zone,  ol  whom 
53  were  convicts  who  had  completed  terms  of  imprisonment,  and  the 
balance  were  persons  convicted  of  misdemeanors  who  were  deemed 
undesirable.  „ 

Fifty-nine  convicts  were  received  at  the  penitentiary,  a  decrease  ol 
seven  compared  with  the  previous  year.  The  aggregate  sentences 
unposed  amounted  to  64  years  and  9  months.     Sixty-six  completed 
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terms  and  were  discliarged  and  all  not  residents  here  prior  to  May  4, 
1904,  were  deported.  "Good  time"  credits  amounting  to  7  years,  5 
months,  and  26^  days  were  earned.  At  the  close  of  the  year  51 
remained  in  custody. 

Prisoners  were  employed  on  the  construction  of  the  new  road 
roughly  paralleling  the  canal  on  the  east  side,  an  extension  of  the  high- 
way from  Panama  to  Gamboa,  and  5  -^  miles  were  completed.  Other 
prisoners  were  employed  to  keep  up  the  penitentiary  buildings  and 
grounds,  and  to  do  necessary  inside  work.  The  labor  performed  on 
road  work  Avas  valued  at  $10,256.60,  at  the  rate  of  10  cents  per  hour, 
and  the  value  of  labor  performed  inside  of  the  prison,  other  than  for 
maintenance,  amounted  to  $148.10. 

The  cost  of  subsisting  and  guarding  the  convicts  was  $18,525.32, 
$4,935.21  of  which  was  expended  for  subsistence  for  convicts, 
$1,356.32  for  subsistence  of  guards,  $7,173.32  for  salaries  of  officers 
and  guards  at  the  penitentiary,  and  $5,061.03  for  salaries  of  officers 
and  guards  on  road  work. 

Three  convicts  were  pardoned  during  the  year,  and  sentence  was 
remitted  in  the  case  of  one  convict  by  the  Governor  for  special 
reasons. 

DIVISION    OF    SCHOOLS. 

Work  in  the  grades  for  white  and  colored  children,  and  m  the  high 
school  and  industrial  courses,  for  white  children  only,  was  carried 
on  from  October  4,  1915,  to  June  30,  1916,  with  a  vacation  of  two 
days  at  Thanksgiving  time,  two  weeks  at  Christmas,  and  one  week  at 
Easter.  Date  of  enrolhnent,  attendance,  physical  condition,  teaching 
force,  and  money  receipts  will  be  fomid  in  Tables  Nos.  60  to  72 
accompanying  this  report. 

Effective  July  1,  1916,  the  following  schedule  of  salaries  for  teachers 
went  into  effect.  It  is  based  upon  salaries  paid  to  school  teachers  in 
the  District  of  Columbia,  with  an  increase  that  brmgs  the  rate  within 
the  25  per  cent  limit  allowed  by  the  law: 


Entrance 

Second 

Third 

salary. 

year. 

year. 

$95 

$100 

$105 

120 

125 

130 

145 

150 

ir,5 

KiS 

170 

175 

175 

180 

185 

200 

200 

200 

30 

30 

30 

Fourth  year  and  after. 


Elementary  teachers  ' 

High-Kcliool  teachers 

Science  teachers 

High-.sciiool  principal 

Supervisor  of  lower  grades 

Supervisor  industrial  training 
Brake  attendant 


$110  per  month  for  9  months. 
.$135  per  month  for  9  montlis. 
$160  per  niontli  for  9  months  (man). 
$1S0  per  month  for  9  months. 
$190  per  month  for  10  month.s. 
.$200  i)er  month  for  12  months. 
$30  per  month  for  9  months. 


'  Includes  teacher  of  Spanish  in  grades. 

Principals  (in  addition  to  regular  salaries  as  teachers).  Per  month 

for  9  montlis. 

Two-room  buildin»a $\0 

Three  to  5-roojii  buildinj^s ]  5 

Six  to  8-rooin  buildinfjjs 20 

Nine  to  12-room  buildinj^s 30 

Buildings  with  more  than  12  rooms tO 

Line  teachers. — Equivalent  to  principal  of  three  to  five  room  l)uil(l- 
ing,  $15  for  9  months. 
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Colored  teachirs.  Per  raomli 

for  9  months. 

Teachers $G0 

Prin(ij)al8  of  two-room  biiildiiif^s ^5 

Principals  of  three  to  six-room  buiklings '10 

'In  addition  to  salary  as  teacher. 

A  revised  course  of  study  for  tho  elementary  schools  went  into 
effect  October  1,  1015,  and  the  high-school  course  will  be  revised  dur- 
ing the  present  vacation,  to  become  effective  at  the  beginning  of 
school  in  October. 

SCHOOLS    FOR    WHITE    CHILDREN. 

Schools  for  white  children  were  conducted  as  follows:  Empire? 
first  six  grades;  Paraiso,  fii'st  three  grades;  Pedro  Miguel,  first  seven 
grades;  Colon  Beach,  first  four  grades;  Cristobal,  eight  grades  and 
two  years  m  high  school;  Ancon  and  Gatun,  eight, grades;  Balboa, 
eight  grades  and  four  years  in  high  school.  Children  living-  in  villages 
where  the  schools  did  not  offer  the  work  for  which  they  were  fitted 
were  furnished  transportation  to  the  nearest  school  offering  proper 
facilities.  The  school  at  Corozal  was  closed  on  November  19,  1915, 
and  the  children  of  officers  and  enlisted  men  of  the  Army  quartered 
there  were  furnished  transportation  to  attend  the  school  at  Balboa. 

Physical  examinations  oi  pupils  in  the  grade  schools  were  made  in 
October,  and  the  results  of  these  are  given  in  Table  No.  69. 

Physical  trainmg  was  contmued  mider  the  direction  of  the  physical 
directors  of  the  various  clubhouses.  A  high-school  track  and  field 
meet  was  held  at  Pedro  Miguel  May  13,  1916;  high  school  aquatic 
meet  at  Balboa  on  May  20,  and  grammar-school  track  and  field  meet 
at  Balboa  on  May  27,  1916. 

The  study  of  Spanish  was  extended  to  include  the  third  grades. 

A  four-year  commercial  course  was  added  to  the  high-school  work 
at  the  beginning  of  the  school  year  and  45  pupils  were  enrolled.  The 
subjects  taught  are  bookkeepmg,  business  law,  commercial  geog- 
raphy, commercial  history,  spelUng,  writmg,  commercial  correspond- 
ence, business  arithmetic,  typewriting,  and  the  Gregg  system  of 
shorthand. 

INDUSTRIAL   TRAINING   AND   APPRENTICESHIP. 

A  two  months'  vacation  course  of  woodwork  and  shop  drawing  at 
the  Balboa  workshop  was  offered  to  boys  who  would  be  in  the  seventh 
and  eighth  grades  or  the  high  school  at  the, opening  of  the  school  year 
in  October.  The  work  was  begun  on  July  21  and  was  carried  on 
from  9  to  11  a.  m.  and  from  2  to  4  p.  m.  on  Monday,  Wednesday  and 
Friday  of  each  week.     Thirty-three  boys  took  the  course. 

In  the  regular  school  terms  the  mdustrial  courses  in  the  high  school 
were  taken  as  follows:  Elementary  mechanical  drawing,  12  boys; 
advanced  mechanical  drawing,  6  boys;  elementary  woodwork,  23 
boys ;  advanced  cabinetmaking,  2  boys. 

In  the  seventh  and  eighth  grades  at  Balboa  and  Ancon  57  boys 
took  courses  in  shopwork,  and  while  they  were  in  the  work  shop  the 
girls  of  these  grades  were  given  lessons  in  sewing  by  their  respective 
teachers.  Hand  sewing,  the  study  of  stitches,  the  drafting  of  pat- 
terns, and  the  study  of  textiles  and  weaves  made  up  the  sewing  course. 

The  boys  apprenticed  at  various  trades  in  Balboa  shops  were  given 
a  course  of  instruction  on  Tuesday  and  Saturday  afternoon  of  each 
63503°— 16 33 
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week  at  the  Balboa  high  school,  and  thoir  progress  was  more  satis- 
factory than  heretofore.  The  number  of  boys  apprenticed  to  each 
trade  is  as  follows: 

Machinists 15 

Boilermakers 6 

Pipefitters 3 

Plumbers 1 

Blacksmiths 2 

Shipwrights 1 

Holders 1 

Patternmakers 1 

Car  repairers 1 

Coppersmiths 1 

Total 32 

In  furtherance  of  the  plan  to  keep  the  boys  of  the  school  busy  dur- 
ing vacation  time  15  upper  grade  and  high  school  boys  were  employed 
in  the  various  commissaries  during  the  vacation  months  of  1915. 

SCHOOLS   FOR   COLORED   CHILDREN. 

Alien  employees  of  the  canal  and  the  Panama  Railroad  residing 
outside  the  Canal  Zone  had,  prior  to  this  school  year,  been  allowed 
tuition  to  the  schools  free  of  charge.  This  privilege  was  withdrawn 
at  the  beginning  of  the  year,  with  the  result  that  four  rooms  in  the 
Cristobal  school  for  colored  children,  and  the  entire  Ancon  school, 
consisting  of  four  rooms,  were  closed,  and  the  force  of  teachers  for 
the  colored  schools  was  reduced  by  seven. 

The  eight  grades  were  taught  at  La  Boca  and  Paraiso,  and  the  first 
six  at  Empire,  Gatun,  and  Cristobal.  At  Cristobal,  Gatun,  Paraiso, 
and  Empire  it  was  necessary  to  adopt  the  double-session  plan  in  order 
to  accommodate  the  teaching  force  and  the  school  space  to  the  large 
number  of  pupils.  One  section  attended  from  7.30  to  10  a.  m.  and 
from  12.30  to  2.30  p.  m.,  and  the  other  from  10  a.  m.  to  12.30  p.  m. 
and  from  2.30  to  5  p.  m. 

BUILDINGS   AND   GROUNDS. 

Sixteen  buildings  were  used  for  school  purposes,  11  for  white 
children  and  5  for  colored  children.  At  Cristobal,  on  account  of 
the  noise  caused  by  the  construction  of  a  new  building,  it  was  neces- 
sary to  abandon  the  building  occupied  as  a  school  for  white  children 
and  to  move  the  white  school  to  the  building  occupied  by  the  colored 
school.     The  colored  school  was  removed  to  the  lodge  haU. 

Sites  for  concrete  buildings  for  white  schools  have  been  selected 
for  Balboa,  Ancon,  Pedro  Miguel,  Gatun,  and  Colon  Beach.  The 
plans  are  in  preparation,  and  it  is  expected  that  all  the  new  buildings 
wiU  be  ready  tor  occupancy  by  the  time  school  opens  in  October, 
1917. 

THE    COURTS. 

In  the  district  court  89  cases  were  pending  at  the  beginning  of  the 
year,  789  cases  were  filed  and  752  decided,  leaving  126  cases  pending 
on  June  30,  1916.  Of  the  cases  decided  91  were  civil,  284  probate, 
and  377  criminal.  Court  was  held  both  at  Ancon,  for  the  Balboa 
division,  and  at  Cristobal.     There  were  117  sessions  of  court.     There 
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were  581  marriage  licenses  issued  by  the  clerk  of  the  court  and  136 
deeds  recorded.  The  sum  of  $4,761.80  was  collected  in  lines,  costs, 
and  fees. 

In  the  magistrate's  court  for  the  Balboa  subdivision  4  cases  were 
pendmg  at  the  beginning  of  the  year,  2,233  cases  were  docketed,  and 
2,136  cases  were  settled,  leaving  101  cases  pending  at  the  close  of  the 
year.  Of  the  cases  docketed  96  were  civil  and  2,137  criminal.  Of 
the  criminal  cases  50  were  dismissed,  233  were  committed  to  the 
district  court,  and  there  were  1,606  convictions  and  247  acquittals. 
Collections  on  account  of  fuies  and  fees  amounted  to  $5,995.50. 

In  the  magistrate's  court  for  the  Cristobal  subdivision  5  cases  were 
pending  at  the  beginning  of  the  fiscal  year,  2,403  cases  were  docketed 
during  the  year,  of  which  125  were  civil  and  2,278  criminal  cases, 
leaving  122  cases  pending  at  the  close  of  the  year.  The  criminal 
cases  resulted  in  1,659  convictions,  410  acquittals,  60  dismissals,  and 
157  cases  were  committed  to  the  district  court.  A  total  of  $6,053.53 
was  collected  in  fees  and  fines. 

SPECIAL   ATTORNEY   AND   DISTRICT   ATTORNEY. 

The  reports  of  the  special  attorney  and  of  the  district  attorney 
are  printed  as  appendices  to  the  Governor's  report. 

RELATIONS   WITH   PANAMA. 

Negotiations  by  correspondence  or  personal  conference  between 
the  executive  secretary  and  the  secretary  for  foreign  affairs  of  the 
Republic  of  Panama  included,  among  others,  the  following  subjects 
in  addition  to  routine  matters: 

Exemption  of  contract  laborers  of  The  Panama  Canal  and  the 
Panama  Radroad,  and  their  families,  from  payment  of  a  deposit  of 
$30  required  of  each  deck  passenger  arriving  at  any  port  in  the 
Republic  of  Panama  by  Panama  immigration  law  No.  32,  of  1914, 

Construction  of  a  warehouse  in  Panama  City  to  be  used  as  a  re- 
ceiving depot  for  all  fruits  and  vegetables  of  local  production  which 
may  be  offered  for  sale. 

Erection  of  a  monument  in  honor  of  the  Panama  fire  brigade  in 
the  park  opposite  the  raili'oad  station  in  the  City  of  Panama. 

Publication  of  the  amended  sanitary  regulations  for  the  cities  of 
Panama  and  Colon  in  the  Official  Gazette. 

Street  cleaning  and  garbage  collection  in  the  City  of  Panama. 

Ordinance  respecting  the  registration  of  births  and  deaths. 

Proposed  cancellation  of  land  leases  held  by  the  Repubhc  of  Panama 
in  Colon. 

Matter  of  having  funds  collected  from  fines,  penalties,  and  for- 
feitures, imposed  or  declared  under  the  provisions  of  the  sanitary 
rules  and  regulations,  at  the  disposition  of  the  alcaldes  and  health 
officers  of  the  cities  of  Panama  and  Colon. 

Preservation  of  the  neutrality  of  the  Canal  Zone. 

Work  performed  for  the  National  Exposition  at  Panama. 

Condemnation  of  buildings  in  Colon  owned  by  Messrs.  Erhman  & 
Co.  on  account  of  nonrepair  and  noncompliance  with  the  sanitary 
regulations. 

Opening  of  new  streets  in  the  neighborhood  of  Chorillo,  Panama 
City,  with  sewer  installations,  and  installation  of  a  new  sewer  main. 
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Immigration  of  undesirables. 

Sale  of  intoxicating  liquors  to  San  Bias  Indians. 

Free  railroad  transportation  for  Panaman  Government  officials 
and  employees. 

Regulation  of  traffic  over  Gatun  Lake. 

Payment  of  duty  to  the  Repubfic  of  Panama  on  sales  of  suppUes 
to  vessels  which  pass  through  the  canal  and  which  do  not  belong  to 
the  United  States. 

Transfer  of  a  church  building  located  at  New  Gatun  to  Limon. 

Demolition,  for  sanitary  reasons,  of  stables  located  in  unimproved 
sections  of  the  City  of  Panama. 

Opium  traffic  in  the  Canal  Zone  and  the  cities  of  Panama  and 
Colon. 

Changing  of  the  characteristics  of  the  lighthouse  at  Taboga  Island. 

Matter  of  office  space  for  the  health  officer  of  The  Panama  Canal  in 
the  old  administration  building  in  the  City  of  Panama. 

Requirement  of  having  small  coastwise  vessels  from  Colombian 
ports  pass  through  quarantme  on  account  of  yellow  fever  epidemic. 

Detail  of  an  expert  accountant  by  The  Panama  Canal  to  under- 
take jointly  with  the  chau'man  of  the  tribunal  of  accounts  of  the 
Republic  of  Panama  an  examination  of  the  books  of  the  national 
bank. 

Difficulty  in  securing  postage  stamps  from  the  Panaman  Govern- 
ment, and  the  furnishing  of  stamped  envelopes  and  stamp  books. 

Deposit  to  be  made  by  the  Republic  of  Panama,  against  which 
smaU  sales  of  material  by  The  Panama  Canal  may  be  charged. 

Matter  of  imposing  a  penalty  for  wireless  installations  in  Panama. 

Renewal  of  the  commissary  privilege  to  certain  officials  of  the 
Republic  of  Panama  and  members  of  the  diplomatic  corps,  and  tlie 
cancellation  of  the  privilege  for  various  institutions,  etc. 

Objection  to  the  establishment  of  saloons  in  Colon  near  the  boundary 
Ime. 

Unsanitary  condition  of  the  towns  on  the  San  Bias  coast. 

Matter  of  denying  permission  to  inhabitants  of  Arraijan  to  use 
canal  land  temporarily  for  grazing  and  agricultural  purposes. 

Notification  to  parties  who  have  made  cultivations  between  the 
87-foot  and  the  100-foot  contour  lines,  or  on  the  perunsulas  and  islands 
in  Gatun  Lake,  tliat  they  would  be  permitted  to  gather  the  present 
year's  crop,  but  that  no  further  planting  should  be  made  by  tliem. 

Reciprocal  license  foes  on  motor  vehicles  licensed  in  the  Canal 
Zone  and  in  the  City  of  Panama. 

Importation  of  playing  cards  and  tobacco  for  employees  free  of 
customs  duty. 

Unsanitary  conditions  existing  at  Bocas  del  Toro. 

Overcrowded  condition  of  Santo  Tomas  Hospital  and  the  urgent 
necessity  of  providing  additional  accommodations  for  the  sick,  par- 
ticularly those  sufi'cring  from  tuberculosis. 

Necessity  for  improvements  in  the  condition  of  streets  in  the  City 
of  Panama,  and  the  matter  of  allowing  only  streets  with  an  asphalt 
surface  of  concrete  or  of  paving  brick  to  be  constructed  in  future. 

Taking  over  by  the  United  States  of  a  certain  tract  of  land  in  the 
vicinity  of  the  mouth  of  the  Chagres  River. 

Transfer  of  a  motor  vchif'lc  which  was  imported  by  an  employee 
to  a  nonomployee,  or  its  change  from  a  pleasure  license  to  a  com- 
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in<>rcial  license,  to  be  conditioned  upon  t]ie  presentation  of  a  receipt 
evidencing  tlic  payment  of  customs  duty  on  the  car  to  the  Panaman 
Government. 

Free  transportation  of  Panaman  police  officers  assigned  to  duty  on 
t]ie  island  of  Taboga  on  Panama  laimch  plying  between  the  ports  of 
Balboa  and  Taboga. 

Urgent  necessity  for  additional  public  lavatories  for  men  and 
women  in  the  City  of  Panama. 

Authority  for  the  sale  of  certain  machinery  and  equipment  to  the 
Pan  American  Timber  &  Lumber  Co.  without  the  customary  certificate 
from  the  Association  of  Commerce  of  Panama,  such  material  to  be 
exempt  from  customs  duty. 

Location  of  the  statue  of  Christopher  Columbus  at  the  Atlantic 
entrance  of  the  canal. 

Inspection  of  the  Chiriqui  Railroad  by  a  competent  engineer  to  be 
selected  by  The  Panama  Canal. 

Exammation  of  horses  in  such  localities  in  the  Republic  of  Panama 
as  are  reported  contaminated  by  the  epidemic  disease  (Murrma). 

Exemption  of  Panama  Canal  wiremen  workmg  in  Panama  from 
requirement  that  they  shall  have  licenses  from  the  Republic  of 
Panama. 

Denial  of  the  request  that  the  Wilcox  Wharf  be  allowed  to  remain 
until  the  construction  of  a  small  landing  pier  is  completed  at  Boca 
Chica  or  Fox  River  on  the  southern  side  oi  Manzanillo  Island. 

Free  entry  of  aU  shipments  of  material  intended  for  the  American 
Bible  Society  building  at  Cristobal. 

Refund  of  consular  fees  on  Panama  Canal  shipments  by  the 
Republic  of  Panama. 

Reduction  of  the  stock  of  Panamanian  pesos  in  circulation  by 
1,000,000  for  the  benefit  of  the  Panaman  Government,  The  Panama 
Canal,  and  busmess  interests  generally. 

Proposed  common  incmerator  for  disposing  of  garbage  from  Balboa, 
Ancon,  and  the  City  of  Panama. 

Delay  to  Panamanian  mail  after  arrival  at  Cristobal. 

Proposed  detail  of  a  member  of  the  Canal  Zone  police  to  act  as 
instructor  for  tlie  National  Police  of  Panama. 

Approval  of  request  to  allow  inhabitants  of  that  section  to  clear 
parts  of  the  old  road  from  Arraijan  to  Pedro  Miguel,  and  of  the 
old  San  Juan  HiU  road. 

Matter  of  keeping  a  record  of  autopsies  performed  in  the  cities  of 
Panama  and  Colon. 

Supervision  of  the  Panamanian  elections. 

Prohibition  of  gamblmg  in  the  cities  of  Panama  and  Colon. 

Deportation  of  undesirable  Americans. 

LEGISLATION. 

An  appendix  to  the  Governor's  report  contams  the  acts  of  Congress 
affecting  The  Panama  Canal  and  the  Executive  orders  relating  to  the 
Canal  Zone. 

Respectfully  submitted. 

C.  A.  McIlvaine, 
Executive  Secretary. 
Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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Table  No.  1. — Statement. of  vessels  entered  and  cleared  and  of  seamen  shipped  and  dis- 
charged at  Balboa  and  Cristobal,  fiscal  year  1916. 


1915. 

July 

August 

September 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 

Total 


Vessels  entered. 


109 
109 
110 
75 
26 
31 


47 
32 
59 
70 
105 
120 


893 


169 

166 
154 
83 
57 
52 


58 
50 
58 
107 
146 
137 


1,237 


278 
275 
264 
158 
83 
83 


105 
82 
117 
177 
251 
257 


2,130 


Vessels  cleared. 


108 
109 
87 
73 
48 
35 


39 
40 
53 
79 
106 
115 


892 


174 

164 
155 
82 
56 
58 


50 
50 

57 
106 
137 
142 


1,231 


282 
273 
242 
155 
104 
93 


90 
110 

185 
243 
257 


2,123 


Seamen  shipped. 


182 
167 
170 
216 
185 
186 


226 
186 
236 
230 
189 
279 


2,452 


184 
171 
175 
279 
200 
215 


236 
199 
253 
241 
193 
285 


Seamen  dis- 
charged. 


2,631  1  235 


148 
156 
183 
180 
209 
168 


226 
154 
212 
200 
200 
204 


167 
159 
188 
262 
246 
189 


240 
164 
235 
209 
205 
211 


2, 475 


Table  No.  2. — Statement  showing  number  of  estates  received  and  settled  and  amount  of 
funds  handled  during  fiscal  year  ended  June  30,  1916. 


By  months. 


Number 
received. 


Number 
settled. 


Amount 
of  fimds 
collected. 


Value 
of  e^'states 
settled. 


Balance  of  unsettled  estates  and  cash  on  hand  on  July  1, 
1915 


July 

August 

September. 

October 

November. 
December.. 


1915. 


January.. 
February. 

March 

April 

May 

June 


1916. 


Total  estates  and  cash  handled. 


236 


$3, 643. 89 


478. 65 
560. 34 
382. 12 
1,001.12 
1,111.57 
625.18 


923.31 
327.36 
1,180.91 
735. 90 
387.  66 
712.  62 


208   12, 070. 63 


$1,657.54 
260. 57 
239.41 
1,019.32 
689. 81 
636.19 


777. 40 
493.  79 
258.  71 
1, 473. 62 
952. 14 
409. 58 


Number  of  unsettled  estates  on  hand  Jime  30,  1916 

Balance  of  cash  on  deposit  with  collector  on  June  30,  1916. 


28 
$3, 227. 05 
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Table  No.  3. — Statement  showing  number  of  estates  of  deceased  and  insane  employees, 
bi/  )i(itionalities,  settled  by  administrator  of  estates  during  fiscal  year  ended  on  June  30, 
19  Id. 


Native  of— 

Deceased. 

Insane. 

Total. 

3 

1 
1 
1 
1 
13 
1 

3 

1 

I 

1 

1 

i' 

13 

Verii       

1 

1 

1 

20 

152 

1 

1 
7 

1 

2 
2 

22 

West  Indies,  British 

154 

1 

1 

7 

203 

5 

208 

Table  No.  4. — Statement  of  number  of  free  entry  requests  on  freight  shipments  approved 
during  fiscal  year  ended  June  30,  1916,  together  with  commodities  imported. 


Automol)iles 

Automobile  supplies 

Baby  carriages 

Bicycles 

Cameras 

Canoes 

Clothing 

Guns,  rifles,  pistols,  and  supplies 
Household  goods 


Live  stock  and  supplies 

Miscellaneous 

Motorcycles  and  supplies 

Motors,  batteries,  magnetos,  etc 

Musical  instruments,  pianos,  organs,  etc. 

Sewing  machines 

Typewriters 

Total 


Number. 


54 
596 
105 

55 
358 

88 

94 


2,566 


Table  No.  5. — Number  of  mail  parcels  on  which  duty  has  been  paid  to  theGovernTnent 
of  Panama,  and  the  amount  of  duty  as  shown  by  receipts  on  file,  by  offices,  during  the 
fiscal  year  ended  June  30,  1916. 


Name  of  post  office. 

Number  of 
parcels. 

Amount  of 
duty. 

Ancon 

5,618 
275 
24 
23 
2,088 
86 
192 

So,  673.  00 

236.  33 

B  alboa  Heights  

30.81 

14.15 

2, 867. 56 

Culebra 

38.11 

139.  07 

Fort  Randolph 

Fort  Sherman      

5 

2.40 

Gamboa       

58 
82 

68. 17 

Las  Cascadas 

96.08 

Paraiso 

183 
20 

356.85 

Pedro  Miguel 

34.06 

Total 

8,654 

9, 557. 19 
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Table  No.  6. — Number  of  insured  and  C.  0.  D.  parcel-post  parcels  and  registered  articles 
delivered,  by  offices,  during  fiscal  year  ended  June  30,  1916. 


Name  of  post  office. 

Number  of 
insured 

and C.  O.D. 
parcels. 

Number  of 

registered 

articles. 

Total. 

Ancon    

3,492 

1,693 

1,611 

416 

2,889 

528 

812 

13,027 

7,688 

24,926 

3,150 

23, 985 

1,938 

1,961 

68 

285 

2,307 

4,318 

1,348 

72 

4,323 

3,871 

16,519 

9,381 

Balboa  Heights                      

26, 537 

3,566 

26, 874 

Culebra     .  .  .                   

2,466 

2,773 

68 

105 
38 
676 
562 
3 
597 
467 

390 

2,345 

4,994 

1,910 

75 

4,920 

4,338 

Total 

13,889 

93,267 

107, 156 

Table  No.  7. — Letters  and  parcels  registered,  by  offices,  during  the  fiscal  year  ended  June 

SO,  1915. 


Name  of  post  oflBce. 

Domestic 

letters 
regis- 
tered. 

Domestic 
parcels 
regis- 
tered. 

Foreign 
letters 
regis- 
tered. 

Foreign 
parcels 
regis- 
tered. 

Official 

registered 

free. 

Distri- 
bution 
registered 
free. 

Total. 

Ancon    

5,929 

2,290 

1,386 

382 

6,058 

775 

852 

23 

170 

269 

605 

672 

5 

815 

317 

937 

405 

208 

106 

749 

201 

221 

48 

56 

19 

122 

224 

10,397 

2,445 

474 

322 

11,303 
500 
339 

1,030 

104 

80 

18 

449 

7 

5 

4,535 
4,088 
38,719 
1,478 
8,920 
1,007 

792 
40 

334 

621 
2,422 

718 

8 

2,717 

1,960 

556 

213 
69 
68 

631 

2 

24 

28 

164 
12 
77 
51 

23,384 

9,545 

Balboa  Heights 

40,936 

Corozal 

2.374 

Cristobal 

28,110 

Culebra     

2, 492 

2,233 

139 

50 
263 
741 
219 

10 

1,110 

251 

3 
17 
12 
20 

777 

1,201 

Gatun    .              

3,979 

Las  Cascadas      

1,904 

23 

85 
69 

69 
11 

168 
30 

4,964 

Pedro  Miguel  

2,638 

Total 

20,548 

3,450 

28,424 

1,825 

68,359 

2,093 

124,699 

Table  No.  8. — Number  and  destination  of  dispatches  of  mail  by  the  exchange  office  at 
Cristobal  during  the  fiscal  year  ended  June  30,  1916. 


Destination. 


New  York  by  Panama  Railroad  and 
United  1"  ruit  Co.  steamers 

New  Orleans 

Jamaica 

Barbados  and  distribution 

Trinidad  and  distribution 

French  Lines,  Colon-Bordeaux,  Colon- 
St.  Nazaire 

Martinique 

Guadeloupe 

Antigua 

British  Guiana 

Demerara 

Dominica 


Number  of 
dispatches. 


116 
57 
76 
23 
25 

20 
24 

7 
23 
19 

3 
18 


Grenada 

^Nlontserrat 

Nevis 

St.  Kitls 

St.  Lucia 

St.  Vincent 

Colombia 

Costa  Kica 

Colon,  Repiiblic  of  Panama 

Bocas  del  Toro,  Republic  of  Panama 

Venezuela 

Cuba 

Total 


Number  of 
dispatches. 


23 
19 
17 
16 
23 
23 
55 
82 
591 
95 
1 
74 


1,430 
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Table  No.  9. — Number  of  pouches,  sacks,  and  registered  sacks  handled  by  raibntij-inail 
messengers  during  the  fiscal  year  ended  June  SO,  1916. 


Month. 


Pouches. 


Sacks. 


Regis- 
tered 
sacks. 


Total. 


1915 

July 

August 

September 

October 

November 

December 

1916, 

January 

P^bruary 

Mai'ch 

April 

Mav 

June 

Total 


■4,  (507 
4,436 
4,214 
4,523 
4, 377 
5,011 


4,472 
4, 3()9 
4, 073 
4,022 
4,268 
4,083 


53, 055 


1,205 
1,747 
1, 405 
1,693 
1, 756 
2,880 


2,131 
1,861 
1,774 
1,540 
2,491 
2, 109 


22, 652 


477 
503 
493 
508 
539 
821 


556 
577 
597 
530 
608 
609 


6, 818 


6,289 
6,686 
6,172 
6,724 
6,672 
8,712 


7, 1.59 
6,807 
7,044 
6,092 
7, 367 
6,801 


82, 525 


Table  No.  10. — Amount  of  money  orders,  by  offices,  payable  to  the  remitter  and  drawn 
on  the  issuing  office,  remaining  unpaid  on  June  SO,  1916. 


Name  of  post  office. 


Deposit 

paid 
money 
orders. 


Nontrans- 
ferable 
deposit 
money 
orders. 


Total. 


Ancon 

Balboa 

Balboa  Heights. 

Corozal 

Cristobal 

Culebra 

Empire 

Gatim 

Las  Cascadas . . . 

Paraiso 

Pedro  Miguel... 


$2,585.03 

3, 375. 15 

11.50 

516.  50 

1,563.00 

1, 759.  40 

1,097.05 

596. 92 


731. 50 
430.  75 


$49,975.00 
71, 105.  00 
20, 455. 00 
17, 100. 00 
66,520.00 
8, 775. 00 
7, 685. 00 
20, 695. 00 
10,060.00 
50,  230. 00 
28, 050. 00 


Total. 


12, 666.  80 


350, 650. 00 


852, 560. 03 
74, 480. 15 
20, 466. 50 
17,616.50 
68, 08:?.  00 
10, 534. 40 
8, 782. 05 
21,291.92 
10, 000. 00 
50,961.50 
28, 480.  75 


363, 316.  80 


Table  No.  11. 


-Deposit  money-order  and  postal-savings  transactions  during  fiscal  year 
ended  June  SO,  1916. 


Offices. 


Ancon 

Balboa 

Balboa  Heights 

Corozal 

Cristobal 

Culebra 

Empire 

Gatun 

l^as  Cascadas . . , 

Paraiso 

Pedro  Miguel . . 

Total 


Balance  on 

deposit 

June  30, 

1915. 


$40,895 
73, 615 
19, 860 
32, 420 
87, 265 
6, 375 
8, 200 
21,850 
9,465 
33.880 
19;  065 


352, 890 


Deposit  money  orders. 


Issued. 


$150,970 
241, 1.50 
82, 480 
40,315 
186, 735 
26, 820 
48,920 
74, 195 
41,240 
134, 675 
73, 690 


1, 101, 190 


Paid. 


$141,890 
243, 660 
81,885 
55, 635 
207, 480 
24,420 
49,435 
75, 350 
40,  W5 
118,325 
61, 705 


1,103,430 


Balance  on 

deposit 

June  30, 

1916. 


U9, 975 
71, 105 
20, 4.55 
17, 100 
66,  .520 
8, 775 
7,685 
20, 695 
10,060 
50, 230 
28,050 


350, 650 
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Table  No.  11. 


-Deposit  money-order  and  postal-savings  transactions  during  fiscal  year 
ended  June  30,  1916 — Continued. 


Postal  savings  certificates. 

Offices. 

Balance 

unpaid 

Julv  1, 

1915. 

Trans- 
fers in. 

Trans- 
fers out. 

With- 
drawals. 

Balance  on 

deposit 

June  30, 

1916. 

$40,180 
10,419 

«2,281 

$28,989 
10, 201 

S13,472 

Balboa                            

$208 

10 

28,838 
7,0H9 

2,073 

26, 765 
6,837 

Christobal                             .                           

4 

256 

Gatiin                                ...                     

11,440 

4 

11,436 

7,844 
18,851 

7,827 
18,305 

17 

Pedro  Miguel                       .        

546 

Total 

124,661 

2,285 

2,285 

110,360 

14,301 

Table  No.  12. — Business  of  Canal  Zone  postal  system  for  the  fiscal  year  ended  June  .JO, 

1916. 


Ofl&ces. 


Ancon 

Balboa 

Balboa  Heights . 
Corozal 


Cristobal 

Culebra 

Empire 

Gatim 

Las  Cascadas 

Paraiso 

Pedro  Miguel 

Fort  Randolph 

Fort  Sherman 

Gamboa 

Monte  Lirio 

Storekeeper,  S.  D.,  Balboa 
Republic  of  Panama 


Money  orders. 


Number 
of  orders 
issued. 


Amount  of 
orders  issued. 


S686, 
649, 
347, 

99, 
860, 

66, 
105, 
165, 

SI, 
308, 
148, 


148. 17 
215. 07 
689. 14 
355.  21 
324. 88 
408. 84 
402.52 
218.  76 
443.11 
665. 55 
352.58 


Total 171, 096 


3, 518, 223. 83 


Amount 
of  fees. 


$2,981.69 

2,091.96 

1,253.70 

322. 00 

3, 512.  26 

254.78 

373. 38 

549.74 

257.  S3 

871.  40 

409. 55 


Total  amount 
money  or- 
ders paid. 


$254, 804.  40 
295, 137.  37 
166,061.07 
65,398.18 
293,897.27 
35, 790.  86 
65,938.87 
92,980.59 
51,074.46 
129, 805.  65 
74, 348.  01 


12,878.29       1,525,236.73 


Offices. 


Ancon 

Balboa 

Balboa  Heights 

Corozal 

Cristobal 

Culebra 

Empire 

Gatun 

Las  Cascadas 

Paraiso 

Pedro  Miguel 

Fort  Randolph 

Fort  Sherman 

Gamboa 

Monte  Lirio 

Storekeeper,  S.  D.,  Balboa 
Republic  of  Panama 

Total 


Postal  receipts. 


Stamp 
sales. 


602.13 

800.  50 
103.  S7 
S51.  f>4 
700.  m 
457.  IX) 
323.  (X) 
064.00 
018.  (K) 
861.  75 
347.  .53 

88.  25 
447. 00 
444.  63 

19.28 
225.  00 

14.  50 


76.337.08 


Box  rents. 


$1,332.00 

614.  .50 

919.  00 

42.  50 

1,12.^.00 

151.50 

140.00 

176.  00 

51.  ,50 

36(>.  50 

107.  00 

1.00 


Second- 
class 
posiage. 


$1,410.25 


5, 029.  .50         1,410. 39     82, 770. 97 


$24, 344.  38 

9, 484. 00 

5, 022.  87 

1,894.14 

23,828.14 

2, 60S.  .50 

3, 463.  00 

3, 140. 00 

3, 069.  50 

3, 228. 25 

1,454.53 

89.25 

447.00 

444.63 

19.23 

225.00 

14.  50 
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Table  No.  13. — Postal  receipts  and  expenses. 
POSTAL  RECEIPTS. 


Stamp  sales 

Second-class  mail 

Monoy-ordcr  fees 

Misccilanoous  receipts. 
Panama  Railroad  mail 
Box  reuts 

Total 


«74,843.88 

988.  50 

1.3,160.55 

67.78 

3, 750. 00 

2, 974. 65 


95,794.36 


876, 337. 08 

1,410.  .39 

12,878.29 


1,200.00 
5,029.50 


5,855.26 


POSTAL  EXPENSES. 


Salaries 

Transportation  of  mails 

Purchase  of  stamps 

Corral  service 

Stationery,  printing,  etc 

Repairs  to  buildings 

Furniture  and  fixtures 

Electric  light  and  electrical  repairs . 
Miscellaneous 


Total . 


$86,801.29 

24,976.07 

28,385.60 

4,315.23 

3,077.05 

290.  38 

1,416.99 

560.  49 

1,298.49 


151,121.59 


$82, 

24, 

27, 

2, 

2, 

1, 


030.  55 
045.50 
207.  86 
218.  85 
582. 25 
311.64 
488. 42 
460.  45 
036.  88 


141,382.40 


Deficit,  1915 S55, 327. 23 

Deficit,  1916 44, 527. 14 


Table  No.  14. — Total  cash  transactions  of  Canal  Zone  postal  system  for  fiscal  year  ended 

June  30,  1916. 

Total  amount  of  money  orders  issued $3, 518, 223.  S3 

Total  fees  on  money  orders  issued 12, 878. 29 

Total  amount  of  money  orders  paid  and  repaid 1, 525, 236.  73 

Total  amount  of  postal  receipts 82,  776. 97 

Total  amount  of  postal  savings  certificates  paid 110,360.00 

Grand  total  cash  traiLsactions 5, 249, 474. 82 

Table  No.  15. — Free  entry  requests  on  freight  shipments,  July  1,  1915,  to  June  30,  1916. 

Automobiles 165 

Automobile  supplies 234 

Baby  carriages 15 

Bicycles 68 

Carneras 8 

Canoes 8 

Clothmg 58 

Guns,  rifles,  pistols,  and  supplies 25 

Household  goods 635 

lave  stock  and  supplies 54 

Miscellaneous 596 

Motor  cycles  and  supplies 105 

Motors,  batteries,  magiietos,  etc 55 

Musical  instruments,  pianos,  organs,  etc 358 

Sewing  machines 88 

Type'WTiters .' 94 

Total 2,566 
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Table  No.  16. — Police  force  as  on  June  SO,  1916. 


Official  title. 


Actual 
force. 


Police  inspector 

Captains 

Lieutenants 

Sergeants 

First-class  ])oliccmen: 
Authorized- 
General  duty 75 

Panama  Railroad  service 23 

Special  authority 41 

Actual- 
General  duty 75 

Panama  Railroad  service 16 

Special  authority 12 

Policemen  (silver) 


Table  No.  17. — Distribution  of  police  force  by  stations  and  substations. 


Actual  force. 

Stations  and  substations. 

Actual  force. 

Station-s  and  substations. 

On  Julv 
1, 1915; 

On  June 
30, 1916. 

On  July 
1,1915. 

On  June 
30, 1916. 

Headquarters. . . 

3 
4 

42 
9 
6 

31 
1 

3 

4 

40 

9 

Cristobal  central  station 

Frijoles 

40 
1 
1 
1 

13 
18 

38 

Detective  force 

Balboa  central  station 

1 

Ancon 

Gamboa 

1 

Corozal 

Gatun 

15 

Pedro  Miguel 

33 

14 

Total 

176 

158 

Table  No.  18. — Strength  of  police  force  by  vionths  during  fiscal  year  ended  June  SO, 

1916. 


Month. 

Actual 
force. 

Special 
duty. 

Sick. 

On  leave. 

Sus- 
pended. 

Total. 

Julv 

191.5. 

65 
69 
66 
68 
72 
74 

70 
68 
56 
98 
81 
77 

73 
73 
73 

78 
75 

74 

73 
73 

77 
88 
87 
72 

1 

13 
11 

14 
3 

1 
2 

8 
11 

1.52 

Autnist 

1.53 

September 

153 

October 

149 

November 

148 

December 

l.')0 

January 

1916. 

2 
1 
4 

1.53 

February 

1.53 

March 

15 
6 
8 
8 

1.52 

April 

192 

May 

2 
1 

178 

Jnnp 

1.58 

Average  actual  force  available  for  general  duty,  not  including  officers  sick  or  on  annual  leave. 

Average  number  on  special  duty  per  month 

Average  number  sick  per  month 

Average  number  on  leave  per  mont  h 

Average  number  suspended  per  month 


1 

S.5 

0 
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Table  No.  19. — Changes  in  police  personnel  during  the  Ji  sea  I  year  ended  June  -iO.  lUli]. 

APPOINTMENTS. 

White: 

Appoint ed  in  the  Unit  pd  States 2 

Appointed  on  the  Isthmu.s 71 

Colored:  Appointed  on  t  he  Isthmus 8 

Total 81 

SEPARATIONS. 

White H8 

Colored S 

Total 7(i 

CAUSES  FOR  SEPARATIONS. 

Resigned 36 

Discharged  for  cause -. 6 

Discharged  account  rediict  ion  of  force 22 

Transferred 12 

Tot  al 76 

Tablk  No.  20. — Fines  imposed  on  police  officers  for  liolutions  of  the  police  rules  and 
regulations  during  the  fiscal  year  ended  June  30,  1916. 


Month. 

Number 
of  white. 

Amount. 

Number 
of  colored. 

Amount. 

Total 
amount. 

Julv 

1915. 

1 

2 
2 

1 
1 

1 

$5 
5 

15 
5 

20 

10 

$5 

August          ., 



5 

Septemher 

15 

October 

1               $3 

g 

November 

20 

December -   

10 

January 

1916. 

February _   - 

1 

1 

5 
5 



5 

March 

April 



1                 1 

6 

May 

4 
1 

20 
10 

20 

June 

10 

Total 

15 

100 

2                  i 

104 

Table  No.  21.^ 


-Number  of  arrests,  by  fiscal  years,  made  in  Canal  Zone  since  organi- 
zation. 


Period. 

Arrests. 

Period. 

Arrests. 

June  2, 1904,  to  June  30, 1905 

2,130 
3,748 
5,831 
6,075 
6,275 
6,947 
5,959 

July  1, 1911,  to  June  30, 1912 

7  055 

July  1, 1905,  to  June  30, 1906 

July  1, 1912,  to  June  30, 1913 

6  827 

July  1, 1906,  to  June  30, 1907 

July  1, 1913,  to  June  30, 1914 

4  911 

July  1, 1907,  to  June  30, 190S 

July  1, 1914,  to  June  30  1915 

5  157 

July  1 ,  1908,  to  June  30, 1909 

July  1, 1915,  to  June  30,  1916 

4  480 

July  1, 1909,  to  June  30  1910 

Total  arrests  made  to  date 

Julvl,  1910,  to  June  30, 1911 

65  395 
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Table  No.  22. — Number  of  arrests,  by  months,  made  during  the  fiscal  year  ended  June 

30,  1916. 


Month. 

Males. 

Females. 

Total. 

With 
warrant. 

Without 
warrant. 

1915. 
July                                             

331 
362 
453 
358 
366 
403 

373 
269 
316 
326 
284 
365 

16 
19 
15 
21 
17 
24 

34 
27 
33 
16 
33 
19 

347 
381 
468 
379 
383 
427 

407 
296 
349 
342 
317 
384 

58 
61 
92 
74 
47 
42 

71 
82 
87 
61 
71 
68 

289 

320 

376 

305 

336 

385 

1916. 

336 

214 

262 

281 

246 

316 

Total                        

4,206 

274 

4,480 

814 

3,666 

Table  No.  23. — Arrests  by  stations  during  the  fiscal  year  ended  June  SO,  1916. 


Station. 


Balboa  Central. . . 

Ancon 

Corozal 

Pedro  Miguel 
Paraiso 


Total 

number 

fiscal 


1,536 

323 

44 

379 

5 


Station 


Cristobal  Central 

Gatun 

Frijoles 

Monte  Lirio. 
Gamboa 

Total 


Total 

number 

fiscal 

j-ear. 


1,797 

365 

7 

13 

11 


4,480 


Table  No.  24. — Charges  against  persons  arrested  during  the  fiscal  year  ended  June  30, 

1916. 


Offense. 


Aiding  the  commission  of 
a  felony 

Aiding  a  misdemeanor . . . 

Alighting  from  movmg 
train  

Allowing  ferocious  dog  at 
large 

Arson 

Assault 

Assault  and  battery 

Assault  with  a  deadly 
weapon 

Assault  with  means  and 
force  lilcely  to  produce 
gieat  bodily  harm 

Attempt  to  commit  bur- 
glary  

Attempt  to  commit  grand 
larceny 

Attempt  to  commit  crime 
against  nature 

Attempt  to  commit  petit 
larceny 

Attempt  to  defraud 

Attempt  to  escape 

Battery 

Boarding  a  moving  train.. 

Bigamy 

Bringiiig  stolen  property 
into  Canal  Zone 

Bribery 

Burglary 


Male. 


1 

3 

20 

222 


1 

1 

1 

1 

10 

31 

1 

130 

58 
1 

16 

4 

22 


Female. 


Total. 


1 
3 

20 
246 

17 


Offense. 


10 
31 

1 
156 
58 

1 

17 

4 

22 


Carrying  concealed  weap- 
ons  

Carrying  firearms  without 
a  permit 

Civil  order  of  arrest 

Conspiracy 

Conspiracy  to  defraud 

Contemjjt  of  court 

Crime  against  nature 

Criminal  negligence 

Cruelty  to  animals 

Desertion  from  United 
States  Army 

Desertion  from  merchant 
vessel 

Destroying  boundary 
mark 

Disorderly  conduct 

Disturbing  the  peace 

Enibczzlcmcnt. . . ." 

Escaping  from  custody. . . 

Exhibiting  obscene  picture 

False  personation 

Fightmg ' 

Forgery 

Fraud 

Fugitive  from  justice 

Gambling 

Grand  larceny 

Having  firearms  without  a 
permit 

Held  for  deportation 


Male. 


5 
5 
2 

40 
6 
1 

55 

46 
6 

1 

674 

66 

15 

3 

6 

13 

119 

8 
20 
17 
79 
66 

8 
92 


Female. 


146 
21 


Total. 


1 

820 

87 

15 

3 

6 

13 

128 

8 
21 
17 
79 
68 


92 
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Table  No.  24. — Charges  against  persons  arrested  duriug  the  fiscal  year  ended  June  30, 

1916 — Contiuued. 


Offense. 


Held  for  extradition 

Held  for  order  of  consular 
cjiirt 

Held  for  Pauamaiiiiin  au- 
thorities  

Held  for  Peruvian  consul.. 

Held  for  quarantine  au- 
thorities  

Hunting  with  artificial 
light 

Hunting  without  a  permit . 

Indecent  exposure 

Intimidating  a  witness 

Intoxication 

Intoxication  and  disor- 
derly  

Insanity 

Larceny 

Lewd  and  lascivious  co- 
liabtation 

Loitering 

Malicious  mischief 

Mayhem 

Material  witness 

Murder 

Nonsupport 

Obscene  and  uidecent 
language 

Obtaining  money  by  false 
pretenses 

Perjury 

Petit  larceny 

Rape 

Receiving  stolen  property. 

Reckless  driving 

Reckless  riding 

Resisting  an  officer 


Male.    Female. 


14 
1 

119 

143 
4 
1 


611 

61 

2 

2 
4 
19 


3 

445 
2 


Total. 


50 


5 

14 

1 

119 

146 
4 
1 

16 
618 

62 
2 
2 
5 

19 


7 

3 

449 

2 


Offense. 


Retiu-ning  to  Canal  Zone 

after  deportation 

Riding    on    platform    of 

train  

Robbery 

Stragi;ling    from    United 

Slates  Army 

Straggling    from    United 

States  Navy 

Trespass 

Trespass  on  train 

Unauthorized    ridmg    on 

labor  train 

Vagrancy 

Violation  of: 

Automobile  regulations. 

Bicycle  regulations 

Bird  law 

Building  regulations 

Coach  tariff  regulations. . 

Chauffeur's  ordinance. . . 

Customs  regulations 

Impoundmg  ordinance. . 

License  regulations 

Liquor  regulations 

Lottery  law : . . 

Navigation  regulations . . 

Opium  Act 

Postal  regulations 

Quarantme  regulations . . 

Sanitary  regulations 

Speed  regulations 

Traffic  regulations 

Water  regulations 


Total. 


Male.    Female.    Total. 


3 

10 

2 
24 
40 

.  40 

182 

42 
11 

5 
10 
58 
23 

7 

4 

40 
18 

3 
19 
35 

6 
29 
106 

'g 

3 


4,380 


17 
3 

10 

2 

24 
40 

48 
183 

42 
11 

5 
10 
58 
24 

7 

4 
41 
19 

3 
19 
35 

7 

29 

110 

78 

6 

3 


4,657 


Table  No.  25. 


-Statement  of  convictions  of  persons  arrested  daring  fiscal  year   ended 
Jane  30    1916. 


Months. 

o  ° 

•6 

o 

§ 

■6 
1 

s 

■6 
to 
3 

.g 

a 
o 
o 

a 

T3  3 
S 

03 

ga 

w  3 

O 
en 

o  '^  a 

II 

&3 

C3  ^ 

S.2 

o  S 

•6 

'i 

■a 
1 

1 
ft 

4) 

0+^ 

C3 

a)  n  > 

1915. 
Julv 

347 
381 
468 
379 
383 
427 

407 
296 
349 
342 
317 
384 

254 
290 
350 
268 
315 
348 

290 
215 
259 
285 
231 
284 

59 
83 
91 
60 
43 
62 

76 
64 
63 
33 
60 
73 

9 
5 
10 
7 
4 
5 

5 
3 
3 
5 
5 
3 

1 

...... 

3 
4 

14 
3 

14 
1 
1 
1 

1 

2 

1 
7 

2 

21 

August 

1 

2 

September 

1 

1 

1 

...... 

11 

October 

"is" 
5 

2 

35 

November 

December 

1 

2 

1916. 
January 

1 

1 

19 

February 

1 

3             6 

March 

6 
2 
5 
3 

1 
1 

"i" 

3 

3 

April 

2 

1 
7 

12             1 

Mav 

13 

June 

i 

9 

Total.. 

4,480 

3,. 389 

767 

11 

1 

4 

64 

43 

27 

3 

8 

97  1        fifi 
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TaBx.e  No.  26. — Nationality  of  persons  arrested  during  the  fiscal  year  ended  June  30,  1916. 


Nationalitv. 


Total. 


Nationality. 


Africa 

Austria 

Brazil 

Bolivia 

Chile 

China 

Colombia 

Costa  Rica 

Cuba 

Denmark 

Danish  West  Indies — 

Saba  Island 

St.  Thomas 

Ecuador 

Egypt 

France 

French  Guiana 

French  West  Indies- 
Guadeloupe 

Martinique 

St.  Martins 

St.  Bartholomew 

Germany 

Great  Britain  and  Possessions 

Australia 

British  Guiana 

British  Honduras . . . , 

Canada 

Newfoundland 

England 

Gibraltar 

India 

Ireland 

Scotland : 

British  West  Indies- 
Antigua 

Bahama 

Barbados 

Bermuda 

Cayman 

Dominica 

Fortune  Island 

Grenada 

Inagua 

Jamaica 

Montserrat 


1 

3 

51 

103 

184 

30 

19 

4 

1 
2 

19 
2 
7 
1 

45 

125 

1 

1 

28 

3 

45 

1 

4 

1 

41 

1 

28 

13 

1 

53 

5 

977 

20 
2 
8 

30 

66 

2 

1,085 

20 


Great  Britain  and  Possessions— Contd 
British  West  Indies— Continued. 

Nassau 

Nevis  Island , 

New  Providence 

St.CroLx 

St.Kitts 

St.  Lucia 

St.  Vincent 

St.  Andrews 

Tabago  Island 

Trinidad 

Turks  Island 

Greece 

Guatemala 

Haiti 

Holland 

Dutch  Guiana 

Curacao,  D.W.I 

Honduras  (Spanish) 

Italy 

Japan 

Mexico 

Nicaragua 

Norway 

Panama 

Persia 

Peru 

Portugal 

Roumania 

Russia 

Finland 

Santo  Domingo 

Salvador 

Spain 

Canary  Islands 

Sweden 

Switzerland 

Turkey 

Syria 

United  States 

Porto  Rico 

Hawaii 

Venezuela 

Total  (88  nationalities) 


Total. 


13 
5 

21 
1 

31 

60 

40 
1 
1 

71 
3 

17 
5 

21 
3 
1 
1 
8 

46 
2 

19 

14 

21 

295 

2 

92 
4 
2 
9 

11 
1 
3 

87 
2 

21 

2 

1 

1 

480 


4,480 


Table  No. 


'Occupations  of  persons  arrested  during  the  fiscal  year  ended  June  30,  1916. 


Occupation. 


Actors 

Agents 

Apprentices 

Artists 

Auditor 

Baggage-master 

Bakers 

Barbers 

Bartenders 

Bellboys 

Blacksmiths 

Boatmen 

Boilcriiiakors 

Boilermakers'  helpers 

Bootblacks 

Brakemen 

Bricklayers 

Brokers 

Bridgmen 

Bullfighters 

Butchers 

Cable  splicers ;. 

Car])entcrs 

Charcoal  burners 

Chainuien 

Chauffeurs 


Number. 


Occupation. 


Cartmen 

Checkers 

Chemists 

Cigar  makers 

Civil  engmeers 

Clerks 

Coachmen 

Coal  passers 

Conductors 

Contractors 

Convicts  (escaped) 

Cooks 

Coopers 

Cranemen 

Domest  ics 

Donkey  men 

Draftsmen 

Dredgomcn 

Dressmakers 

Drillmen 

Electricians 

Engineers: 

Civil 

Locomotive... 

Steam 

Marine 


Number. 


6 
3 
2 
5 
04 
95 
6 

4 
1 

:i8 
1 
5 
238 
1 
1 
3 
1 
3 

11 

12 
4 
4 

13 
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Table  No.  21  .—Occupations  of  persons  arrested  daring  the  fiscal  year  ended  June  30, 

1916 — Continued. 


Occupation. 


Farmers 

Fironien 

Fi.sherraon 

Flagmen 

Foremen 

Gardeners 

Hairdressers 

Hatters 

Hostlers 

Housewives 

Inspectors 

Ironworkers 

Janitors 

Judges 

Laborers 

Land  commissioners 

Land  Inspectors 

Laundresses 

Laundrymeu 

Lawyers 

Lecturers 

Linemen 

Linotype  operators 

Levelmen 

Machinists 

Machinist  helpers 

Masons 

Merchants 

Messengers 

Messmen 

Metal  workers 

Ministers 

Molders 

Miners 

Monks 

Musicians 

Moving-picture  operators 

Newsboys 

No  occupation 

Officers  of  United  States  Army. 

Oilers 

Operators: 

Motor  boat 

Wireless 

Opticians 

Painters 


Number. 


37 

90 

27 

4 

C2 

2 

1 

1 

2 

4 

2 

13 

13 

1 

075 

1 

1 

10 

3 

2 

1 

4 

1 

2 

37 

2 

17 

29 

20 

2 

2 

1 

1 

2 

2 

1 

1 

10 

435 

1 

21 

3 
3 
1 
19 


Occupation. 


Palmists 

Patternmakers 

Peddlers 

Physicians 

Photographers 

Pipefltlers 

Plasterers 

Phnnbers 

Policemen 

Porters 

Postmasters 

Powdermen 

Printers 

Pump  operators... 

Riggers 

Sailors 

Salesmen 

School  children — 

Secretaries 

Ship  officers 

Shipwrights 

Shoemakers 

Singers 

Soldiers 

Stablemen 

Stevedores 

Stewards 

Storekeepers 

Students 

Superintendents . . 

Switchtenders 

Tailors 

Teachers 

Teamsters 

Timekeepers 

Time  inspectors. . . 

Toolmakers 

Traders 

Waiters 

Watch  inspectors. 

Watchmen 

Waterboys 

Winchmen 

Wiremen 


Total  (106  occupations). 


Number. 


1 
1 

64 
5 
1 
1 
2 
5 
5 
3 
1 
1 
1 
1 
2 

242 
11 
3 
1 

2a 
1 

16 
1 

99 
1 
2 

16 
2 
3 
1 

11 

16 
1 

12 
5 
2 
1 
2 

4S 
1 

27 
4 
2 
1 


4,489 


Table  No.  2%.— Number  of  prisoners  in  custody  in  common  jails  at  the  close  of  each 
month  during  the  fiscal  year  ended  June  30,  1916. 


Month. 


Number 
of  pris- 
oners. 


1915. 

July 

August 

September 

October 

November 

December 


Month. 


1916. 

January 

February 

March 

April 

May 

June 


Number 
of  pris- 
oners. 


IM 
82 
71 

73 
51 
7S 


Average  number  in  jail  at  close  of  each  month,  84. 
63503°— IG 34 
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Table  No.  29. — Statement  shoicing  number  of  records  of  persons  ivho  had  been  'previously 
arrested,  which  were  prepared  and  suhmitied  to  the  courts  during  the  fiscal  year  ended 
June  SO,  1916. 


Month. 

Number. 

Month. 

Number. 

July 

191.5. 

67 

98 
101 

74 
106 

95 

January 

1916. 

107 

February 

59 

March 

58 

April 

68 

May 

70 

June 

53 

Total               

956 

Table  No.  30. —  Value  of  labor  performed  by  Zone  prisoners  confined  ra  the  common  jail 
during  the  fiscal  year  ended  June  30,  1916. 


Number  of  hours. 

Total. 

Amount 
at  10 

cents  an 
hour. 

Stations. 

Road 
work. 

Janitor 
work. 

Public 
grounds. 

30,284 
1,208 
1,464 
1,848 

13,314 

1,392 

936 

3,800 

20,306 
2,010 

1,628 

31,912 
1,208 
1,464 
1,848 

76,024 

4,712 

936 

9,579 

21,138 
2,010 

$3,191.20 

120.80 

146. 40 

184.80 

62, 710 

7,602.40 

3,320 

471.20 

93.60 

5,779 
832 

957.90 

Cristobal                                      

2,113.80 

201.00 

Total                                

62,710 

76,562 

11,559 

150,831 

15,083.10 

Table  No.  31. — Animals  impounded  and  fees  collected  during  the  fiscal  year  ended  June 

SO,  1916. 


Month. 

Horses. 

Mules. 

Cattle. 

Goats. 

Dogs. 

Total. 

Fees  col- 
lected. 

July 

1915. 

10 
11 

s 
19 
17 

3 

8 
4 
4 
17 

8 

3 
2 
2 
4 
2 
3 

5 
2 
3 
3 

13 
16 
9 
13 
21 
22 

8 
21 

7 

8 
17 

9 

$18.50 

38.80 

16.00 

1 

16.  50 

48.  50 

2 

35.50 

1916. 

20.  ,50 

11) 

1 

34. 50 

24.40 

1 

7. 50 

54.50 

1 

10.00 

1 

Total... 

119 

30 

12 

3    

164 

325. 20 
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Table  No   32  —Convicts  discharged  from  pemlenliary  during  fiscal  year  ended  June  30, 

1916. 


Mouth. 


July 

August 

September. 

Octolier 

November. 
December. . 


January.. 
February. 

Marcli 

April 

May 

June 


Total. 


Number 

dLs- 
charged. 


Aggregate  sen- 
tences served. 


Years. 
4 
2 
4 
4 
4 
7 


Months. 
6 
3 

10 
6 
5 
3 


Good  time  earned. 


Years.    Months.  Days. 

7  11 

1  22 

4  7 

4  23 

1  27 

1  10 


26J 


Number  of  convicts  in  penitentiary  July  1,  1915 ^^ 

Number  received  during  fiscal  year  ended  June  30,  1916 ^^ 

■KT 1. j:,„V,„-„„^    ^.i-inrr  fioool    TTQTr  "" 


Num!)er  discharged  diu-ing  fiscal  year 

Number  of  convicts  in  confinement  on  June  30,  1916 


51 


Table  No.  'iZ.— Crimes  committed  by  convicts  confined  in  penitentiary  on  June  SO,  1916, 

and  their  aggregate  sentences. 


Num- 
ber. 


Assault  with  deadly  weapon 

Assault  with  intent  to  commit  rape. 


Years. 


Months. 


Bigamy 

Bribery  and  grand  larceny 

Burglary 

Burglary,  first  degree -  •  • ;;•","• ,' i'W 

Burglary^  second  degree,  and  returning  to  Canal  Zone  after  bemg  deported 

therefrom 

Biu-glary  and  grand  larceny 

Embezzlement 

False  personation 


Forgery. 

Grand  "larceny •  • 

Grand  larceny,  assault  with  deadly  weapon,  and  burglary . 


Incest . 

Manslaughter ' 

Mayhem 

Murder,  first  degree 

Murder,  second  degree 

Rape •  ■•- 

Returning  to  Canal  Zone  after  bemg  deported. 


0) 


iLife. 


Table  No.  'M.— Nationality  of  the  convicts  confined  in  the  penitentiary  on  June  SO,  1916, 


Native  of— 


CostaRica 

St.  Thomas,  Danish  West  Indies 
French  West  Indies: 

Guadeloupe 

Martinique 

British  West  Indies: 

Barbados 

Grenada 

Jamaica 

New  Providence 


Number. 


Native  of — 


British  West  Indies: 

St.  Kitts 

St.  Lucia 

Panama 

Peru 

Porto  Rico 

Spain 

United  States 

Total 


Number. 


Fifteen  nationalities. 
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Table  No.  35. — Convicts  receivedat  penitent iary  during  (he  fiscal  year  ended  June  SO,  1916. 


Month. 


Number 
received. 


Aggregate  sen- 
tences. 


1915. 

July 

August 

September 

October 

November 

December 

191G 

January 

February 

March 

April 

May 

June 

Total : 


Years.    Months. 


Table  No.  36. — Sentences  of  convicts  confined  in  penitentiary  on  June  SO,  1916. 


Range  of  sentences. 


Black. 


White. 


White  I 

Ameri- 1  Total, 
cans. 


Life  imprisonment. . . 

10  years  and  over 

5  years  and  over 

4  years  and  over 

3  years  and  over 

2  years  and  over 

1  year  and  over 

Less  than  one  year. . . 
Less  than  six  months 

Total 


51 


Table  No.  37. — Convicts  and  Zone  prisoners  deported  during  fiscal  year  ended  June 

SO,  1916. 


Deported  to — 


Colombia 

Costa  Ilica 

Martinique  (French  West  Indies). 
British  West  Indies: 

Barbados 

Jamaica 

Trinidad 

Turks  Island 

Italy 

Nicaragua 

Mexico 

Panama 

Peru 

United  States 

Venezuela 


Total. 


53 


Zone 
prisoners. 


4 

1 

2 

2 

7 

18 

G 

IG 

1 

3 

1 

1 

1 

2 

1 

Total. 
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Table  No.  38.— Cos;  of  subsisting,  guarding,  and  clothing  convicts  confined  in  the  peni- 
tentiary during  fiscal  year  ended  June  30,  1916. 


Month. 


Subsistence. 


Convicts. 


July U0Z.07 


August. 
September. 
October. .. 
November. 
December. 


1916. 


January . . 
February. 

March 

April 

May 

June 


Total. 


434. 08 
419.  27 
410.97 
385. 10 
429.32 


407.83 
379. 10 
385.00 
441.  30 
422.79 
357.  38 


4,935.21 


Guards. 


Salaries  of  officers 
and  guards. 


Peniten-      Road 
tiary.        work. 


Total. 


$132. 33 
122.  67 
118.71 
101. 69 
104.  24 
121.  SO 


114.81 
108. 82 
110.72 
118.60 
109. 07 
92.86 


1,350.  32 


$748. 07 
750. 00 
739.  34 
526.  65 
560. 00 
579. 99 


560.00 
548. 66 
574.00 
644.67 
516. 00 
525. 34 


7, 173. 32 


$405. 00 
405.00 
405.00 
364. 70 
391.67 
445. 00 


445.00 
4.30.  33 
441.00 
445.00 
409.00 
474. 33 


6,001.03 


$1,749.07 
1,711.75 
1,682.32 
1,404.01 
1,441.01 
1,576.  n 


1,527.64 
1,466.91 
1,510.72 
1,549.57 
1, 456. 86 
1,449.91 


18, 525. 88 


Table  No.  39.— Value  of  the  labor  performed  by  convicts  employed  on  public  improve- 
ments and  value  of  labor  of  convicts  assigned  to  inside  labor  at  the  penitentiary  during 
the  fiscal  year  ended  June  SO,  1916. 


Month. 


July 

August 

September. 
October . . . 
November. 
December. , 


1916. 


January . . 
February. 

March 

April 

May 

June 


Total. 


Description  of  outside  labor. 


Building  Empire-Oamboa  road 

do 

....do 

....do 

....do 

....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Value  of 
work  per- 
formed. 


$937. 40 
888.20 
831. 80 
902.20 
770. 60 
907.20 


861.  ra 

800.00 
873.  60 
858. 60 
873.00 
752. 40 


Value  of 
inside 
labor. 


$4.30 
63.20 

48.80 
16.80 

2.m 

.40 


.80 


4.80 
3.20 


3.20 


148. 10 


The  inside  labor  consisted  of  miscellaneous  repairs  to  horse  equipment  for  police  and  fire  stations,  repair- 
ing uniforms  of  Zone  prisoners,  and  repairing  mail  sacks  for  the  Canal  Zone  postal  service. 

T\BLE  No.   AO.— Deaths,    by  months,  investigated  by  coroner   during  fiscal  year   ended 

June  30.  1916. 


Month. 


1915 

July 

August 

September 

October 

November 

December 


Number. 


Month. 


1910 

January 

February 

March 

April 

May 

June 

Total 


Number. 
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Table  No.  41. — Causes  of  deaths  investigated  by  the  coroner  during  the  fiscal  year  ended 

June  30,  1916. 


Causes. 


Drowning,  aceideutal . . . 
Electrocution,  aocideutal 

Hemorrhage 

Homicide 

Peritonitis 

Shock 

Shot ,  accidentally 


Number. 


Causes. 


Suicide 

Suffocation,  accidental . . 
Traumatism,  accidental . 
Unknown,  natural  cause 

Total 


Number. 


94 


Table  No.  42. — Nationality  of  persons  ivhose  deaths  were  investigated  by  the  coroner 
during  the  fiscal  year  ended  Juiu  30,  1916. 


Nationality. 


Chile 

China 

Colombia 

Ecuador 

French  West  Indies: 

Guadeloupe 

Martinique 

Germany 

Holland :  Curacao . . . 

Honduras 

Great  Britain: 

England 

Ire-land 

Soot  land 

British  Guiana.. 


Num.ber. 


Nationality. 


Great  Britain— Continued 
British  West  Indies : 

Barbados 

Fortune  Island . . 

Grenada 

Jamaica 

St.  Lucia 

St.  Vincent 

Trinidad 

Panama 

Peru 

Russia:  Finland 

Spain:  Canary  Islands. . . 

Unknown 

United  States 

Total 


Number. 


Table  No.  43. — Fire  j)ersonnel,  June  30,  1916. 


Official  title. 


Fire  inspector... 

Captains 

Lieutenants 

Motor  inspector . 

Operators 

Firemen 


July  1,  1915. 


Author- 
ized. 


Total . 


.\.ctual. 


43 


June  30,  1910. 


Author- 
ized. 


Actual. 


38 


Table  No.  44. — Distribution  of  fire  personnel,  by  stations,  June  30,  1916. 


Stations. 

a 

a 

1 
& 
o 

a 

»  en 

3 

o 

is  (O 

o  ft 

1 

O 

d 

a 

Is 

1 
Eh 

1 

1 
11 

7 

"'is' 
■  "g' 

32 
18 

"'9' 

2 

1 

15 

1 

1 

2 

1 

1 

1 
1 

6 
5 

29 

Ancon      

7 

9 

2 

1 
7 
3 

2 
1 

12 
4 

34 

19 

1 

2 

1 

2 

12 

13 

2 

1 

15 

Total                                    '- 

1 

2 

6 

1 

4 

24 

38 

104 

142 
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T.\BLE  No.  45. — Enlishnents  and  separalions,  fire  force,  during  fiscal  year  ended  June  SO, 

1916. 

Number  of  firemen  appointed  during  the  year ; 8 

Numlier  of  separatiou.s  from  the  service: 

Resigned 10 

Discliarged 3 

Total 13 

Tablb  No.  4G. — Statement  of  damage  resulting  from  fire  during  the  fiscal  year  ended 

Jane  30.  1916. 


The 
Panama 
Canal. 

Panama 
Railroad. 

United 
States 
Army. 

Private 

property 

in  tlie  Canal 

Zone. 

Total. 

1915. 
July 

$10.00 

5.00 

10.00 

255.00 

?125.00 

$135  00 

Autjust 

5  00 

10.00 

$30.00 

1, 107. 40 

20, 710. 75 

285  00 

Ni)\  ember 

I  107  40 

1.-.2.00 
50.00 

20  862.75 

1916. 
January 

84,531.00 

15. 00 

36.25 

759.95 

4  581  00 

15  00 

March 

403.00 
15.00 
00.00 

142.12 

1.00 

440. 25 

April 

774.95 

May  

60  00 

Ju'ie 

142  12 

Total 

1, 102. 12 

5,342.20 

125.00 

21,849.15 

28,418.47 

Table  No.  47. — Statement  of  projierty  involved  in  fires  during  the  fiscal  year  ended  June 

30, 1916. 


Month. 

The 
Panama 
Canal. 

Panama 
Railroad. 

United 
States 
Army. 

Private 

property 

in  the  Canal 

Zone. 

Total. 

1015. 
July 

$3.53,076.25 

11,012.00 

10(i,072.39 

52,650.00 

$1,800.00 
370.00 

3750.00 

.?355,026.25 

11,382.00 

106,072.39 

57,600.00 

351,007.40 

418, 212. 27 

38  896  55 

August 

Sepi  ember 

October 

§4,950.00 
351,007.40 
370,800.00 

November 

December 

47,412.27 

23,847.60 
207,476.00 
14, 542. 00 
3,373.00 
5,323.00 
28, 183. 00 

1916. 
January 

15,048.95 
15,900.00 
22,631.25 
8,097.00 

February 

223  376  00 

March 

6,800.00 

43,973.25 
11  470  00 

April 

May 

5,323.00 
28  183  00 

June 



Total 

852,  %7. 51 

63,847.20 

7.50.00 

733, 557. 40 

Table  No.  48. — By  iv horn  fires  were  extinguished. 

Alarms  attended  by  paid  and  volunteer  firemen 55 

Fires  extinguished  l^y  employees  and  occupants 27 

Alarms  attended  in  Panama  City 3 

Alarms  attended  in  City  of  Colon 1 

False  alarms H 


Total 97 
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Table  No.  49. — Classification  of  fires  according  to  ownership  of  property 

Fires  in  property  of  The  Panama  Canal 49 

Fires  in  property  of  the  U.  S.  Army 1 

Fires  in  Panama  Railroad  property 21 

Fires  in  private  property  on  the  Canal  Zone 7 

P'ires  in  dry  grass,  rubbish,  dumps,  etc 6 

False  alarms 11 

Assisted  Panama  Fii-e  Department 2 

Total 97 

Table  No.  59. — Classification  of  fires  bj  buildings. 

Cargo 2: 

Clubhouses 1 

Docks 4 

False  alarms 11 

Garages 1 

Gas  tanks 1 

Grass,  rubbish,  etc 17 

Health  office  (Panama) 1 

Hospital 1 

Hotels 1 

Dwellings 11 

Lumber 6 

Motor  boats 2 

Office  buildings 2 

Oil 2 

Oil  houses 2 

Oil  tanks 1 

Pile  drivers 2 

Railroad  cars 13 

Railroad  ties 4 

Roundhouse 1 

Steamships 3 

Storehouses 4 

Tool  boxes 1 

Towing  locomotives 1 

Tug 1 

Tiansformer 1 

Total 97 

Table  No.  51. — Classification  of  causes  of  fires. 

Bitming  of  waste,  rubbish,  dry  grass,  etc 9 

Chemical  action 4 

Chimneys 2 

Cigars  and  cigarettes 4 

Electric  lights 1 

Electric  wires 7 

False  alarms 11 

Hot  box 1 

Hot  coals  and  ashes 1 

Lamps 2 

Lanterns 1 

Sparks  from  locomotives 32 

Sparks  from  rubl)ish  fire 1 

Spontaneous  combustion 5 

Stoves 2 

Torches 1 

Unknown 13. 

Tutal 97 
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Tablk  No.  52. — Manner  in  tchich  fires  were  extinguished. 

Allowed  to  bum  out 4 

Beat  out 2 

Burning  articles  removed 2 

Burned  out  (outside  of  hydrant  district) 1 

Earth  and  sand  shoveled  on  fire 1 

False  alarms H 

Fire  extinguishers 16 

Fire  extinguishers  and  pails  of  water 2 

Fire  extingiushera  and  sand 1 

Garden  hose 2 

Line  of  hose 29 

Line  of  hose  and  fire  extinguishers 2 

Lines  of  hose 2 

Pails  of  water ^^ 

Pails  of  water  and  sand 1 

Assisted  Panama  fire  dcp.irtment 2 


Total. 


Table  No.  53. — Distribution  of  alarms  by  toivr.s. 


97 


Balboa 39 


Ancon 

La  Boca 

Palo  Seco. . . . 

Corozal 

Miraflores.  .  . . 
Pedro  Miguel. 
Haute  Obispo. 
Paraiso 


Gamboa 6 

Mount  Hope 3 

Culebra 1 

Gatun 8 

Cristobal 14 

Colon 1 

Panama 3 

Total 97 


Taklh  No.  54. — Statement  of  fires  and  losses  and  jrroperty. 


Fiscal  year. 

Number 
of  fires. 

False 

alarms. 

Total  dam- 
age. 

Total 
property 
involved. 

1906-7                                       

45 
71 
92 

123 
238 
315 
202 
207 
142 
86 

$100,000.00 
46, 170. 50 
16,934.92 
3,237.04 
53,877.44 
12,65.3.58 
22, 520. 97 
21,376.96 
153, 236. 95 
28,418.47 

81,300,000.00 

1907  S                            

12 
6 
10 
14 
18 
18 
8 
13 
11 

1,097,619.45 

1908-9  

1,624,893.65 

1909-10                                  

1,212,335.19 

1910-11       .              

2,256,210.01 

1911  12                                           

1,826,995.58 

1912  13                               

1,041,430.19 

1913-14                                                    

1,993,012.61 

1914-15                                    

2,465,654.18 

1915-16            

1,651,122.11 

Teble  No.  55. — Distribution  of  fire  equipment,  June  30,  1916. 


Hose 
reels. 

Small 
carts. 

Nozzles. 

Fire  extinguishers. 

Feet 
rubber- 

Locations. 

12-inch. 

24-inch. 

Pyrene. 

Chemical. 

lined  fire 
hose. 

Balboa  District 

9 
3 

6 
10 

29 
17 

Ill 
123 

55 
43 

1,004 
339 

22,283 

Cristobal  District 

19, 378 

Total  

12 

10 

46 

234 

98 

1,343 

41,GC1 

514 


THE    PAKAMA   CANAL. 


Table  No.  5G. — Fire  hose  mid  extinguishers,  inspections  of,  etc.,  by  months,  fiscal  year 

1915-16. 


July 

August 

September. 

October 

November. 
December. . 


January. . 
February . 
March..".. 

April 

May 

June 


Total. 


Month. 


191G. 


2,138,340 


Fire 

hose. 

Fire  extinguishers. 

Number 

Number 

Number 

Number 
recharged. 

of  feet 
inspected. 

of  leet 
aired. 

of  inspec- 
tions. 

177,080 

10, 5.50 

1,756 

"Zi 

IGl,  325 

1,150 

1,813 

28 

106, 875 

2,650 

1,745 

73 

184, 450 

2,450 

1,427 

15 

Ififi, 225 

2,0.50 

1,502 

12 

171,415 

7,600 

1,654 

20 

181,200 

7,900 

1,529 

14 

172,525 

2,400 

1,860 

15 

18(5, 250 

5,150 

1,950 

35 

180, 125 

2,450 

1,711 

35 

197, 120 

1,050 

2,040 

37 

190,  750 

2,050 

1, 678 

3 

47,  450 


20, 071 


In  service  June  30,  1916: 

Total  number  of  feet  of  rubber-lined  fire  hose 41, 061 

Total  number  of  3-gallon  and  5-gallou  acid  extinguishers 1, 343 

Total  number  of  Pyrene  e.xtinguishers 9S 


Table 

No. 

57. 

—  Volunteer 

companies, 

June  30, 

1916. 

T 

5wns. 

Number  of 
companies. 

Number  of 
members. 

Balboa  District: 

1 
1 
2 

1 

1 

1 
1 
1 

20 

Corozal 

15 

Pedro  Miguel 

40 

Paraiso 

20 

Cristobal  District: 

Gatun 

20 

Monte  Lirio 

2 

Frijoles 

2 

Gamboa 

19 

Total 

9 

133 

Table  No.  58. —  Volunteer  companies — Summary  of  drills  and  passes  issued. 


July 

August 

September . 
October . . . 
November. 
December . 


January . . 
February. 

March 

April 

May 

Jime 


Total. 


Month. 


Number 

of  com- 
panies. 


Number 
of  mem- 
bers. 


122 
123 
117 
115 
IIG 
138 


135 
133 
138 
135 
134 
138 


Present 
at  drill. 


99 
89 
82 
94 
102 
119 


113 

121 
125 
114 
105 
101 


1,544 


1,  267 


Absent 
from 
drill. 


Passes 
issued. 


86 
82 
94 
102 
119 


113 
121 
125 
114 
105 
101 


1,264 


Average  number  of  members. . 
Average  attendance  at  drills. . . 

Average  absence  at  drills 

Total  number  of  passes  issued . 


129 

106 

2:} 

1,264 
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Table  No.  59. — Summary  of  a  house-to-house  canvass  of  the  population  of  the  Canal 
Zone,  taken  betiveen  June  1  and  10,  1916,  by  the  jioHce  and  fire  division. 


BALBOA   DISTRICT. 


Americans. 

All  others. 

Americans. 

All  olliers. 

I.iOcatii)n. 

Men. 

Em- 
ployees. 

Men. 

Em- 
ployees. 

Women. 

Chil- 
dren. 

Women. 

Chil- 
dren. 

Total. 

Ancon 

903 

21 
5 

38 
19 
46 

903 

21 
5 

33 
19 
6 

170 

170 

385 

363 

54 

3 

1,878 

21 
71 

391 
116 

107 
157 
56 

Ancoa  Hospital: 
Doctors 

Nurses 

66 
27 

Patients  (except 

soldiers) 

Atteudants 

260 
87 
44 
48 
46 

160 
87 
44 
22 
46 

5 

61 

10 

2 

60 

49' 

Tivoli  Hotel 

11 

4 

Pueblo  Nuevo 

Naos  Island 

10 

10 

Culebra  Island 

Palo  Seco 

1 

1 

14 
32 

1,616 

16 

6 

3 

111 

14 

1 

5 

18 

726 

12 

715 

21 
62 

4.658 
24 

Patients,  Palo  Seco 

Balboa,  Balboa  Heights, 
and  La  Boca 

937 
4 
3 

928 
4 
3 

1,604 
16 
6 

342 
3 

322 
1 

Quarantine  Station.. 

Balboa  Harbor 

9 

19 
189 

11 

3 

8 

282 

37 

51 
691 
206 

12 

242 

130 

1.129 

467 

Rural  District ... 

6 
17 

10 
12 

Corozal 

28 
3 
3 

4 
5 

28 
3 
3 

4 

111 

15 
4 

6 
4 

Asylum 

Doctors 

4 

Patients 

iei 

25 
22 

80 
206 

6 

76 

47 

227 

204 

93 

420 

471 

102 

3 

74 

103 

116 
12 
16 
59 

13" 

53 

Attendants 

25 

5 

80 

206 

Rural  District 

Pedro  Miaruel 

233 

233 

122 

144 

Labor  camps 

Rural  District,  east 
and  west  of  Canal 
prism 

2 

75 
24 
183 
136 
46 

4 
91 
31 
230 
127 
32 

Red  tank 

76 
47 
213 
182 
60 
420 
471 

99 

3 

74 

103 

Mirafiores 

28 
320 

28 
320 

Paraiso 

79 

90 

Jamaica  Town 

Spanish  Tov.'n 

171 

1  loatin?  equipment . 

84 

84 

.504 

Labor  camps 

471 

Rural,  from  Paraiso 

to  Gamboa 

Culebra 

4 
9 

4 
5 

1 
5 

1 

4 

12 
24 
60 
41 

19 

3 

70 

55 

139 

48 

204 

Rio  Grande 

Enterprise 

199 

West  Culebra 

Golden  Green 

109 
126 
99 
69 

17 

18 
98 
63 

113 
97 
68 
71 

92 
112 

92 
103 

314 

Empire 

8 

8 

6 

4 

353 
259 

Lirio  Camp 

Cerro  Camp 

243 

Cunette 

Martinique  Camp . . . 
Bas  Obispo 

1 

1 

74 
40 

8 

21 

40 

8 

1 

2 

66 
22 

61 
19 

205 
81 

Gamboa  Stockade 

7 

7 

15 



Total  employees. . . 

2,661 

'  '5,' 298' 

4,(509 

Total  persons 

2.724 

1,072 

950 

2,202       2.00s 

14,254 

CRISTOBAL  DISTRICT. 


Gamboa 

25 

8 

24 

8 

88 
83 
5 
43 
43 

88 
83 
5 
39 
31 

6 

4 

20 

21 

1S4 
91 

Floating  equipment. 

Darien 

8 
13 
27 

3 

17 
31 

21 

Frijoles 

2 

3 

223 

2 
3 

219 

1 

2 

180 

i' 

222 

76 
107 

Monte  Lirio 

Gatun 

625 

Lal)or  camps 

238 

1,088 

2 

6 

44 

84 

28 

351 

1,683 

17 

4 

238 

878 
2 

120 

742 

210 
704 

568 

New  Gatun 

2  534 

Boca  Mindi 

2 

Puerto  Escondido 

6 
43 

i 

6 

Marajual 

1 
15 

658 
16 

1 

15 

658 

7 

4 
12 

3 
24 

52 

Mount  Hope 

75 

28 
314 

1,683 
17 

11  '          ""^ 

165 

Cristobal 

195 
10 

295 
8 

1  176 

Folks  River 

234 
37 

347 

98 

966 

Camp  Bierd 

1  818 

Bracho 

17 

Toro  Point 

4 

6 

1 

n 

Total  employees... 

937 

"3  ,'807' 

3  534 


1 

Total  person's 

951 

405 

650 

1.223       1,459 

8,395 
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Table  No.  59. — Summary  of  a  house- lo-house  canvass  of  the  population  of  the  Canal 
Zone,  taken  between  June  1  and  10, 1916,  by  the  police  and  jire  division — Continued. 

GATUN  LAKE   AREA. 

[Within  Canal  Zone.) 


Americans. 

All  others. 

Americans. 

All  others. 

Location  or  section. 

^'"^-    ployees. 

Men. 

Em- 
ployees. 

Women. 

Chil- 
dren. 

Women. 

Chil- 
dren. 

Total. 

Cano  Quebrada 

4 

1 

5 

Trinidad  River 

6 
3 
3 

1 

6 
1 

9 

3 
8 
2 

If 

12 

Zerro  Island 

7 

Total  employees 

1 

Total  persons 

15 

10 

13  1            38 

MILITARY   ORGANIZATIONS. 

UNITED  STATES  .A.RMY. 


Location. 

Officers. 

Enlisted 
men. 

A^'omen. 

Children. 

Total. 

Ancon-Balboa  Army  Headquarters: 

16 
28 
44 
38 
54 
55 
13 
4 

11 
15 

190 

920 

1,008 

7S6 

1.659 

1,646 

250 

20 

218 

425 

10 
64 
76 
61 
91 
48 
19 
9 
10 
17 

9 
41 
63 
57 
69 
48 
15 
11 
28 
12 

225 

Fort  Grant  

1,043 

Coronal 

1,191 

942 

Empire 

1,873 

1,797 

Gatim 

297 

Cristobal                               

44 

306 

Fort  Sherman                                  

469 

278 

T,152 

404 

353 

8,187 

UNITED  STATES  NAVY. 


Darien  radio  station 

1 

15 
5 

3 
2 

2 
3 

21 
10 

1 

20 

5 

5 

31 

PRISONERS. 


Americans. 

All  others. 

Americans. 

All  others. 

Location. 

Men. 

Em- 
ployees. 

Men. 

Em- 
ployees. 

Women. 

Chil- 
drea. 

Women. 

Chil- 
dren. 

Total. 

Balboa 

2 

21 
1 

39 

49 
1 
4 

22 

23 

Ancon 

1 

39 

Gamboa  Penitentiary.. . 

3 

52 

1 

Gatun 

4 

Cristobal 

1 

23 

Total  persons 

G 

137 

143 
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Table  No.  59. — Summary  of  a  housc-lo-housc  canvass  of  the  population  of  the  Canal 
Zone,  taken  between  June  1  and  10,  1916,  by  the  police  andfire  division — Continued. 


RECAPITULATION. 


Americans. 

All  others. 

Americans. 

All  others. 

Location. 

Men. 

Em- 

I)loyees. 

Men. 

Em- 
ployees. 

Women. 

Chil- 
dren. 

Women. 

Chil- 
dren. 

Total. 

Balboa  District 

2,724 
951 

2,661 
937 

5,298 

3,807 

15 

4,609 
3,534 

1 

1,072 
405 

950 
550 

2,202 
1,223 

10 

2,00s 
1,459 

13 

14,254 
8,395 

38 
8  218 

CYistobal  District 

Gatun  Lake  Area  (witli- 
in  t'anal  Zone) 

Military      organisations 
(including   radio   sta- 
tions)  

7,451 
6 

409 

358 

Prisoners 

137 

143 

1 

Total  emj)lovees. . . 

3,598 

"9,"  2,57' 

8,144 

Total  persons 

11,132 

1,886 

1,868           3,435 

3,4S0 

31, 048 

Table  No.  GO. 


Average  daily  attendance  in   schools  and  number  of  teachers  employed 
in  schools  at  close  of  each  school  year. 


Average  daily  attendance  for 
school  year. 

Number  of  teachers  employed 
at  close  of  school  in  June. 

White. 

Colored. 

Total. 

White. 

Colored. 

TotaL 

19041 

1905 

2  150 
n,107 
« 1,1,38 
1,150 
1,287 
1,259 
1,394.9 
1,713.6 
1,828.1 
1,682.9 
1,762.2 
1,501.4 

5 

1900 

3  29 

1907 

4  31 

1908 

3.S0 

539 

682 

838.  S 

979.9 
1,029.1 

967.7 
1,006.3 
1,065.1 

705 
748 
577 
556. 1 
733.7 
799.0 
715.  2 
755. 9 
436.3 

23 
32 
35 
43 
45 
47 
43 
39 
43 

20 
21 
21 
24 
28 
32 
23 
20 
14 

43 
53 
56 
67 
73 
79 
66 
59 
57 

1909 

1910 

1911 

1912 

1913..   . 

1914 

1915 

1916 

1  No  records. 

2  Figures  taken  from  a  memorandum  of  superintendent  of  schools,  dated  November,  19C6,  file  7383-1. 
OldC.  A.Dept.  Ex.  OfTice. 

3  Figures  taken  from  annual  report  of  superintendent  of  schools  to  chief  of  bureau  of  municipalities. 
July  25,  1906.  ' 

*  Figures  taken  from  printed  annual  report  of  Isthmian  Canal  Commission  for  1907.    White  and  colored 
not  shown  separately. 

Reduced  attendance  in  colored  schools  for  1916  due  to  rule  excluding  children  of  nonresident  alien 
employees  from  free  school  privileges. 

Table  No.  CI. — Monthly  enrollment  and  average  daily  attendance. 


1915. 

October 

November 

December 

1916. 

January 

February 

March 

April 

May 

June 


AVhito  schools. 


Monthly  enroll- 
ment. 


Gross. 


1,229 
1,,347 
1,375 


1,441 
1,488 
1,.549 
1,574 
1,600 
1,609 


Net. 


1,176 
1,226 
1,240 


1,279 
1,299 
1,328 
1,,344 
1,357 
1,366 


Average 
daily  at- 
tendance. 


1,096.7 
1,092.3 
1,0.S.5.8 


1,087.0 
1,092.5 
1,10,5.6 
1,097.5 
1,060.5 
1,005.7 


Colored  schools. 


Monthly  enroll- 
ment. 


Gross. 


449 
739 
796 


894 

940 

980 

1,017 

1,039 

1,047 


Net. 


447 
551 
570 


658 
702 
735 
757 


Average 
daily  at- 
tendance. 


342.4 
418.0 
429.3 


4.59. 1 
481.6 
466.2 
470.8 
441.8 
437.2 
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Table  No.  62. — Enrollment  for  the  year,  by  schools. 


WHITE  SCHOOLS. 


Balboa  High 

Cristobal  High . . . 
Grades: 

Ancon 

Balboa 

Corozal  1 

Tedro  Miguel. 

Paraiso 

Empire 

Gatun 

Cristobal 

Colon  Beach.. 


Total 1,  G09 


Gross. 

Net. 

104 

104 

31 

30 

294 

257 

47(3 

350 

23 

23 

103 

86 

37 

37 

68 

66 

136 

120 

236 

207 

101 

86 

1,  G09 

1,366 

COLORED  SCHOOLS. 


La  Boca. . 
Paraiso.. , 
Empire... 

Gatun 

Cristobal . 


Total. 


Total  white... 
Total  colored. 


Total. 


Gross. 


Net. 


259 

196 

170 

148 

120 

86 

347 

2.36 

151 

117 

1,047 

783 

1,609 

1,366 

1,047 

783 

2, 149 


1  Corozal  white  school  closed  Nov.  19,  1915,  and  pupils  transferred  to  Balboa. 
Table  No.  63. — Enrollment  by  grades  (net). 


Grade  1.. 
Grade  2.. 
Grades.. 
Grade  4.. 
Grade  5.. 
Grade  6.. 
Grade  7.. 
Grades.. 
Grade  9.. 
Grade  10. 
Grade  11. 
Grade  12. 


White 
schools. 


Colored 
schools. 


254 
204 


142 
135 


57 

37 

25 

115 


Total. 


384 

119 

103 

103 

46 

16 

4 


783 


Total. 


638 

323 

288 

245 

181 

1.50 

103 

87 

57 

37 

25 

15 


1  One  pupil  who  was  enrolled  in  grade  11  made  up  extra  work  and  was  able  to  graduate. 
Table  No.  64. — Number  of  teachers  employed  in  schools. 


White 
schools. 


Colored 
schools. 


Total. 


1915 

October 

November 

December 

1916 

January 

February 

March . ." 

April 

May 

June 
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Table  No.  65. — Sickness  of  teachers. 
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Oclober. . . 
November. 
December. 


January . . 
February. 

March 

April 

May 

June 


1916. 


Total 

Compared  with  the  school  year  1914-15. 


Number  of  days. 


White 
teachers. 


S.5 
2.0 
13.5 


13.5 
25.0 
16.0 
31.5 
36.0 
14.0 


160.0 
214.0 


Colored 
teachers. 


Table  No.  66. —  Teachers  employed  at  close  of  school. 


1.5 
3.0 


Total. 


8.5 
2.0 
13.5 


13.5 
26.0 
16.0 
31.5 
36.0 
14.5 


161.5 
217.0 


WHITE  SCHOOLS. 


Balboa  High  School 6 

Cristobal  High  School 2 

Grades: 

Ancon 6 

Balboa 9 

Pedro  Miguel 3 

Paraiso 1 

Empire 2 


Grades— Cont  inued . 

Gatun 4 

Cristobal 5 

Colon  Beach 2 

Line  tcacher.s 2 

Spanish  teacher 1 


Total 43 

One  supervisor  of  industrial  training  and  one  brake  attendant  also  employed. 


COLORED  SCHOOLS 


La  Boca 4 

Paraiso 2 

Empire 2 


Gatun 4 

Cristobal 2 


Total 14 

Table  No.  67. — Extra  substitute  teachers  eviployed. 

Extra  substitute  teachers  were  employed  and  paid  by  voucher  at  the  rate  of  $3  a 
day,  as  follows: 


October 

November . 
December. 


January... 
February . 


Month. 


1916. 


Number 
of  days. 


March . 
April.. 
May.. 
June . . 


Month. 


Number 
of  days. 


1916. 


>  13 


'  Compared  with  171  days  during  the  school  year  ended  June  30, 1915. 
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Table  No.  G8. — Schoolrooms  closed. 


Rooms  in  schools  were  closed  because  of  sickness  of  teachers  and  inability  to  pro- 
vide substitute  teachers  as  follows: 


White 
schools. 


Colored 
schools. 


Total. 


1915. 


October.  . . 
Novemlier. 
December. 


2.5 
1.5 
2.5 


January . . 
FebruaVy . 

Mai'ch 

April 

May 

June 


Total 

Compared  with  the  school  year  l'jl4-lo. 


Days. 
2.5 
1.5 
2.5 


7.5 
3.0 
9.0 

5.5 
8.5 


40.0 
37.0 


Table  No.  69. — Report  of  annual  physical  examination  of  white  grade-school  children, 

during  October,  1915. 

Number  of  physical  examinations  made 1,  002 

Number  found  needing  treatment 676 

Number  with  other  delects  than  those  of  teeth  only 410 

Number  with  defects  of  teeth  as  only  defects 266 

Percentage  of  those  examined  needing  treatment 67 

Defects  found: 

Defective  Adsion 97 

Defective  hearing 22 

Defective  nasal  breathing 58 

Hypertrophied  tonsils 240 

Pulmonary  disease 32 

Cardiac  disease 20 

Chorea  or  other  nervous  disorders 5 

Orthopedic  defects 13 

Malnutrition 14 

Defective  teeth 430 

Contagious  diseases 2 

933 

Number  of  cases  treated 261 

Table  No.  70. —  Money  received  during  the  year  on  account  of  sale  oftcxtbcohs,  etc.,  and 
tuition,  and  turned  in  to  the  collector.  The  Panama  Canal. 


July 

August 

September. 

October 

November. 
December. . 


January . . 
February. 

March 

April 

May 

June 


Total. 


Compared  with  the  year  ended  June  iO,  lOl.'J 


J'2-43. 00 
283. 00 
2G5. 25 


29r).  00 
304.  77 
314.30 
2S3. 00 
292. 00 
279. 00 


2, 502. 32 


1,184.00 


Books 
and  sup- 
plies. 


s:;.').  02 

17.29 
t>.  10 
11.58 
17.62 
33.41 


31.49 
17.32 
26.  72 
31.53 
03. 60 
101.99 


396.67 


168. 12 


Total. 


$35. 02 
17.29 
6.10 
254. 58 
303. 62 
298.66 


326. 49 
322. 09 
341.02 
317. 53 
355. 00 
380. 99 


2,958.99 


1,352.12 
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Table  No.  71. — Siipcrvisori/  visits  by  superintendent,  shoicn  by  months. 


Number 

of  day. s  of 

school. 


Number  of  visits. 


White 
schools. 


Colored 
schools. 


Total 


1915. 

October 

November 

December 

1916. 

January 

February , 

March 

April , 

May 

Jime 

Total 


211 


Average  number  of  supervisory  visits  dailj',  1.23. 
Table   No. 


Epitome  of  more  important  school  statistics  for  the    years    ending 
June  SO,  1913,  1914,  191.5,  and  1916. 


Number  of  school  buildings 

Buildings  erected  and  converted 

Additional  rooms  constructed  (additions  to  existing 

buildings) 

Number  of  employees  in  division 

Number  of  super\'isory  force 

Total  expenditures  (approximate) 

Estimated  value  of  school  property 

Net  enrollment: 

Vv^hite  schools 

Colored  schools 

White  and  colored 

Per  capita  expense  of  maintenance  (approximate)  based 

on  net  enrollment 

Total  day s  of  attendance 

White  schools 

Colored  schools 

Average  daily  attendance 

White  schools 

Colored  schools 

Absence  of  teachers  on  account  of  sickness days. 

Average  monthly  wages  of  teachers: 

White 

Colored 

Tuition  collected 


1913 


29 
1 

3 

86 

3 

890,000 

$150, 000 

1,369 
1,580 
2,949 

$35. 19 

324,282.5 

177,615.5 

146,667.0 

1,828.1 

1,029.1 

799.0 

322 


$55.80 
S744. 00 


1914 


3 

$89,000 
$130, 000 

1,270 
1,492 
2,762 

$32. 22 

277,016.5 

160,017.5 

116,999.0 

1,682.9 

967.7 

715.2 

213 

$98. 37 

$58. 96 

$1,089.00 


15 
4 

2 

65 

1 

2 $109, 000 
$120,000 

1,146 
1,430 
2,576 

2  $42. 31 

283,988.5 

157,  .537.0 

126,451.5 

1,762.2 

1,006.3 

755.9 

217 

$98. 78 

$59.  75 

$1,184.00 


16 
11 

14 

60 
1 

$70, 188. 56 
$110,000 

1,366 

783 

2,149 

$32.66 

258,244 

183,206 

75,038 

1,501.4 

1,065.1 

436.3 

161.5 

898.  84 

$60.55 

$2,562.32 


1  Four-room  Ancon  colored  school  building  moved  to  Balboa  and  reerected  as  an  annex  to  the  Balboa 
white  school. 

2  Increase  in  expenditures  due  to  erection  of  school  buildings  at  Balboa,  La  Boca,  and  Gatun. 

Holidays:  Panama  Independence  Day,  Nov.  3;  Thanksgiving  Day  and  Friday  following,  Nov.  25  and 
26;  Christmas  holidays,  Dec.  18,  1915,  to  Jan.  2,  1916,  inclusive;  Washington's  Birthday,  Feb.  22;  Easter 
holidays,  Apr.  15,  1916,  to  Apr.  23,  1916,  inclusive;  Memorial  Day,  May  30. 
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EEPOET  OF  THE  DISTRICT  ATTOKNEY  FOR  THE  CANAL  ZONE. 

Anoon,  Canal  Zone,  July  1,  1916. 

Sir:  I  attach  hereto  in  tabulated  form  a  statement  of  all  criminal 
prosecutions  by  this  ofhce  in  the  district  court  of  the  Canal  Zone 
lor  the  fiscal  year  ending  June  30,  1916.  There  was  a  total  of  427 
cases  disposed  of  in  the  district  court,  120  of  which  were  appealed 
cases  from  the  magistrates'  courts. 

Of  the  total  number  disposed  of  in  the  district  court,  304  resulted 
in  convictions. 

Sentence  of  the  coiu-t  was  suspended  in  35  cases,  20  of  which  were 
felonies  and  15  misdemeanors. 

At  the  end  of  the  fiscal  year  there  were  pending  14  criminal  cases 
in  the  district  court,  all  of  which  had  arisen  since  the  last  court  day 
in  June. 

There  have  been  no  appeals  in  criminal  cases  to  the  Circuit  Court 
of  Appeals  of  the  Fifth  Circuit  of  the  United  States,  which  has 
appellate  jurisdiction  over  all  criminal  cases  wherein  the  offense 
charged  is  punishable  as  a  felony. 

For  comparison  a  summary  is  given  of  crimmal  cases  for  the  fiscal 
years  1914-15  and  1915-16.  This  shows  a  considerable  increase  in 
the  number  of  criminal  cases,  although  there  has  been  no  corre- 
sponding increase  in  the  population  of  tlie  Canal  Zone. 

The  results  of  jury  trials  continue  to  be  unsatisfactory,  particu- 
larly with  reference  to  white  American  defendants.  Since  the 
Executive  order  of  July  4,  1913,  authorizmg  jury  trials  m  all  felony 
cases,  no  wliite  American  has  been  found  guilty  when  tried  by  a 
jmy.  This  failure  to  convict  is  not  due  to  lack  of  evidence  or  con- 
flict of  evidence.  The  evidence  m  many  of  the  cases  has  been  con- 
vincing, but  the  jm'ors  are  miwiEuig  to  convict  and  do  not  seem 
inclined  to  accept  any  responsibility  for  the  enforcement  of  the  laws 
of  the  Canal  Zone. 

I  renew  the  several  recommendations  heretofore  made  that  the 
Executive  order  be  so  amended  as  to  permit  jury  trials  only  in 
capital  cases. 

There  have  been  no  suits  against  the  Governor  of  The  Panama 
Canal  under  the  Panama  Canal  act  for  injuries  to  vessels,  etc., 
while  i)assing  through  the  canal  locks.  A  claim  for  damages  to  a 
vessel  in  another  part  of  the  canal  was  submitted,  but  the  non- 
liabihty  for  the  damages,  under  the  circumstances,  was  clearly 
indicated  and  the  claim  has  not  been  pressed. 

Two  civil  cases  of  sufficient  importance  to  be  noted  were  disposed 
of  during  the  year.  One  was  a  suit  for  .S  10,000  damages  by  Madehne 
B.  Holden  v.  Charles  G.  Morton,  colonel,  commanding  the  Fifth 
Infantry  at  Empire.     The  suit  was  for  slander  and  false  arrest,  and 
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arose  from  the  detention  of  the  plaintiff  in  an  effort  by  Col.  Morton 
to  prevent  the  sale  of  liquor  to  the  men  under  his  command.  The 
case  was  tried  before  a  jury  in  the  Balboa  division  of  the  district 
court  and  resulted  in  a  verdict  in  favor  of  the  defendant. 

The  other  was  the  case  of  C.  P.  Fairman  v.  Ruben  Arcia.  This 
was  an  attempt  by  the  plaintiff,  an  attorney  at  law,  to  recover  fees 
from  the  defendant  for  whom  he  had  filed  a  claim  before  the  Joint 
Land  Commission  and  a  private  settlement  had  been  agreed  upon 
between  Ai'cia  and  the  United  States  Government  in  settlement  of 
the  claim.  An  attachment  was  sued  out  by  the  plaintiff  and  levied 
upon  lands  formerly  belonging  to  the  defendant,  bein^  the  same 
lands  involved  in  the  claim  before  the  Joint  Land  Commission.  The 
claim  of  the  plaintiff  was  that  title  to  the  lands  had  not  passed  to 
the  United  States  prior  to  the  levy  of  the  attachment.  The  district 
attorney  filed  a  pleading  in  the  nature  of  a  suggestion^  to  the  court 
that  the  property  levied  upon  was  the  property  of  the  United  States 
and  that  the  title  had  passed  to  the  United  States  by  virtue  of  the 
Panama  Canal  act  and  the  Executive  order  of  December  5,  1912. 
The  case  was  heard  in  the  Cristobal  division  of  the  district  com't,  and 
upon  argument  the  court  reserved  its  decision.  Shortly  afterwards 
and  prior  to  the  time  fixed  for  the  decision  of  the  court  the  plaintiff 
dismissed  liis  attaclmaent. 

At  the  close  of  the  fiscal  year  there  were  pending  two  cases  of  im- 
portance which  had  been  filed  some  months  prior,  but  which  up  to 
that  time  could  not  be  brought  to  trial.  They  were  both  cases  in 
which  a  mandamus  was  sought  against  the  auditor  of  The  Panama 
Canal.  The  first  suit  was  brought  by  Judge  William  H.  Jackson, 
judge  of  the  district  court  of  the  Canal  Zone,  to  compel  the  auditor 
of  The  Panama  Canal  to  pay  to  him  the  sum  of  some  $1,100  on 
account  of  the  refusal  of  the  auditor  to  aj)prove  for  payment  pay  cer- 
tificates for  the  monthly  salary  of  the  judge.  The  Comptroller  of 
the  Treasury  had  decided  in  several  written  opinions  that  Judge  Jack- 
son was  not  entitled  to  charters  and  electric-light  service  free,  nor  to 
more  than  six  weeks'  annual  vacation,  by  reason  of  the  pro\dsions  of 
the  Panama  Canal  act  of  August  24,  1912,  to  the  effect  that  the  dis- 
trict judge,  district  attorney,  and  the  marshal  of  the  Canal  Zone 
should  not  receive  any  emoluments  other  than  their  salaries,  and  also 
providing  that  the  district  judge  should  be  entitled  to  an  annual 
vacation  of  six  weeks.  Just  before  the  close  of  the  fiscal  year  the 
President  of  the  United  States  had  designated  Judge  Henry  JD.  Clay- 
ton, of  the  Middle  and  Northern  District  of  Alabama,  to  try  the  case. 

The  other  mandamus  was  sought  by  a  clerk  upon  the  silver  roD,  for 
the  payment  of  his  monthly  wages,  which  had  been  deducted  from  to 
pay  for  commissary  coupon  books,  and  who  through  a  failure  to 
observe  the  rules  relating  thereto  had  negligently  allowed  the  books 
to  be  stolen  by  another  clerk. 

There  are  also  now  pending  in  the  Supreme  Cornet  of  the  United 
States  two  very  important  cases  which  have  been  consoUdated  and 
will  be  heard  at  the  coming  term  of  the  Supreme  Court.  The  cases 
are  Gideon  Dixon  et  al.  v.  George  W.  Goethals  ct  al.,  and  Samuel 
Anderson  et  al.  v.  George  W.  Goethals  et  al.  They  are  bills  for  injunc- 
tions against  the  Governor  of  The  Panama  Canal  and  other  officials, 
seeking  to  prevent  the  taking  over  of  certain  land  and  the  destruction 
of  the  houses  thereon  for  the  purposes  of  The  Panama  Canal.     The 
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complainants  in  the  bills  sought  the  injunctions  mainly  upon  the 
ground  that  their  property  could  not  be  taken  prioi  to  the  payment  of 
compensation  therefor.  At  the  time  they  applied  for  the  injunc- 
tions they  had  ah-eady  filed  claims  before  the  Joint  Land  Commis- 
sion for  the  property  involved,  and  their  claims  were  awaiting  a 
healing  before  the  Joint  Land  Commission  in  their  regular  order. 
The  suits  were  tried  in  the  district  court  during  the  incumbency  of  the 
former  district  attorney,  IVtr.  WilUam  K.  Jackson.  Injunction  v/as 
denied  by  the  district  court  and  an  appeal  was  taken  to  the  Circuit 
Court  of  Appeals  in  New  Orleans,  and  there  the  appeal  was  dismissed. 
Mr.  Jackson  represented  the  Government  in  the  Chcuit  Court  of 
Appeals.  The  causes  have  been  appealed  to  the  Supreme  Court  of 
the  United  States,  and  the  Government  will  be  represented  in  that 
court  by  the  Department  of  Justice  at  Washington. 

A  c^uestion  ol  some  importance  to  the  district  attorney's  office 
arose  out  of  the  refusal  of  the  district  judge  to  permit  the  appearance 
on  behalf  of  the  Government  of  an  assistant  to  the  district  attorney 
who  had  been  appointed  for  that  purpose  by  the  Governor  of  The 
Panama  Canal.  The  district  judge  gave  as  his  reason  that  the  Gov- 
ernor of  The  Panama  Canal  under  the  Panama  Canal  act  had  no 
authority  to  mxake  the  appointment.  This  matter  has  been  referred 
to  the  Attorney  General  of  the  United  States  for  his  opinion,  which 
had  not  been  received  at  the  close  of  the  fiscal  year. 

Respectfully, 

Charles  R.  Williams, 

District  Attorney. 
Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  TJie  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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Table  No.  1. — Criminal  prosecutions,  1915-16. 


Arson 

Assault  and  battery . 


Assault  with  deadly  weapon. 


Assault  with  means  and  force  likely  to  pro- 
duce great  bodily  harm. 

Automobile  regulations,  violation  oT 

Battery 


Bigamy 

Bribery 

Bringing  stolen  property  into  Canal  Zone. 
Burglary 


Burglary,  attempt  to  commit 

Carrying  concealed  weapons 

Coach  tariH  regulations,  xiolation  of. 

Conspiracy 

Conspiring  to  defraud 


Customs  regulations,  violation  of 

Cruelty  to  animals 

Defraud,  attempt  to 

Defrauding  by  false  representation 

Deportation,  "returning  to  Canal  Zone. 

Disorderly  conduct 

Disturbing  the  peace 

Drunk 

Drunk  and  disorderly 

Embezzlement 

Escaping  from  prison 

Extortion 

False  personation 

Fighting 

Forgery 

Fraud 

Fugitive  from  justice 

Grand  larceny 


Grand  larceny,  attempt  to  commit. 

Indecent  e.xposure 

Infamous  crime  against  nature 

Libel 

Liquor  regulations,  violation  of 

Loitering 

Lottery  laws,  violation  of 

Malicious  mischief  to  railroad 

Mayhem 

Murder 


Mutiny 

Navigation  rules,  violation  of. 


Nonsupport 

Obtaining  money  under  false  pretenses. 


Obtain  money  under  false  pretenses,  at- 
tempt to. 

Opium  act,  violation  of 

Perjury 

Petit  larceny 

Petit  larceny,  attempt  to  commit 

Postal  laws,  violation  of 

Quarantine  regulations,  %iolation  of 

Rape < 


Receiving  stolen  property 

Resisting  an  officer 

Revised  statute  4596,  violation  of. 
Vagrancy 


Total. 


Num- 
ber. 


Guilty.! 


30 


Not 
guUty. 


Disposed  of 
otherwise. 


Remarks. 


304 


1     1  appeal  with- 
(U-aT,\"n. 

3  I I  3  guilty  of  assault; 

1  guilty  of  assault 


I  nol.  pros  . . 


1  nol.  pros. 
do 


1  nol.  pros.. 
1  nol.  pros. 


4  nol.  pros. 


2  nol.  pros. 
1  nol.  pros. 
5  nol.  pros. 


2  nol.  pros. 


1  nol.  pros.,  1 
fugitive. 


1  nol.  pros. 
7  nol.  pros. 


1  nol.  pros. 


and  battery. 


1  guilty  of  assault 
and  battery. 


10   first    degree,    7 
second  degree,  4. 


Dismissed  on  new 
trial. 


21  guilty   of  petit 
larceny. 


1  second  degree;  1 
assault  with 
deadly    weapon. 


Dismissed  on  new 
trial. 


1    guilty    assisting 
to  commit. 


Two  applications  for  writ  of  habeas  corpus  denied. 
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Table  No.  2. — Summary  of  criminal  prosecutions  for  the  fiscal  years  1915  and  1916. 


Adultery. 


Arson. 

Assau  It  and  battery 

Assault  with  deadly  weapon 

Assault  viih  intent  to  commit  murder 

Assault  with  intent  to  commit  felonies  other  than  murder 

Assault  with  means  and  force  likely  to  produce  great  bodily  harm. 

Attempt  to  kill  by  poison 

Automobile  regulations,  violation  of 

Battery 

Bigamy 

Bribery . 


Bringing  stolen  property  into  Canal  Zone. 
Burglary. 


Burglary,  attempt  to  commit 

Buying  Government  property  from  a  soldier. 

Carrying  concealed  weapons 

Coach  tariff  regulations,  violation  of 

Conspiracy. 


Conspiring  to  defraud 

Customs  regulations,  violation  of 

Cruelty  to  animals 

Defraud,  attempt  to 

Defrauding 

Defrauding  by  false  representation  . . . 
Deportation, returning  to  Canal  Zone. 

Deserter 

Disorderly  conduct 

Disturbing  the  peace 

Drunk  and  disorderly 

Embezzlement 

Escaping  from  prison 

Extortion. 


Falsifying  evidence. 
False  personation. . . 

Fighting 

Forgery 

Fraud . 


Fugitive  from  justice. 
Gambling. 


Grand  larceny 

Grand  larceny,  attempt  to  commit. 

Immigration  "laws,  violation  of 

Indecent  exposure 

Infamous  crime  against  nature 

Intoxication 

Libel. 


Liquor  regulations,  violation  of. 
Loitering . 


Lottery  laws,  violation  of 

Malicious  mischief 

Malicious  mischief  to  railroad. 

Manslaughter 

Mayhem 


Murder . 
Mutiny . 

Navigation  rules,  violation  of 

Nonsupport 

Obtaining  money  under  false  pretenses 

Obtain  money  under  false  pretenses,  attempt  to. 

Opium  act,  violation  of 

Perjury 

Petit  larceny 

Petit  larceny,  attempt  to  commit 

Postal  laws,  violation  of 

Quarantine  regulations,  violation  of 

Rape 

Rape,  attempt  to  commit 

Receiving  stolen  property 

Resisting  an  officer 

Revised  Statutes  -1506,  violation  of 

Robbery 

Sanitary  regulations^  violation  of 

Speed  regulations,  violation  of 

Vagrancy 

White  slave  act,  violation  of 


Total . 


1914-15       1915-16 


5 
1 
1 
10 
1 
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APPENDIX  K. 
KEPOET  OF  SPECIAL  ATTORNEY. 


AxcoN,  Canal  Zone,  August  14,  1916. 

Sm:  I  have  tlie  honor  to  submit  the  following  report  on  the  affairs 
of  this  office  for  the  fiscal  year  ended  June  30,  1916 : 

The  orgariization  of  the  special  attorney's  office  remains  the  same 
as  it  was  at  the  beginning  of  the  fiscal  year  just  ended,  except  that 
the  number  of  land  inspectors  was  reduced  to  two  at  the  latter  end  of 
the  year,  on  account  of  the  decrease  in  the  number  of  land  claims 
remaining  unsettled. 

The  only  Executive  order  prepared  in  this  office  during  the  fiscal 
year  was  that  of  October  16,  1915,  which  provides  for  an  annual 
recess  for  the  Joint  Land  Commission,  appointed  under  Articles  VI 
and  XV  of  the  Panama  Canal  treaty. 

The  existing  Executive  orders  need  revision,  in  order  to  adapt  them 
to  the  new  conditions  created  by  the  change  from  canal  construction 
to  canal  operation,  and  especially  because  of  the  large  military 
establishment  that  has  been  located  here;  but  the  ruling  of  the 
Attorney  General,  that  the  President  is  without  power  to  revise  the 
orders  issued  prior  to  the  passage  of  the  Panama  Canal  act  prevents 
any  modifications  of  the  preexisting  laws  by  Presidential  order,  but 
efforts  have  been  made  to  obtain  rehef  from  Congress.  BiUs  w^ere 
drafted  in  this  office  for  submission  to  that  body,  providing  amend- 
ments to  the  existing  road  laws;  the  laws  relating  to  the  licensing 
of  motor  vehicles;  the  pohce  and  sanitary  regulations,  including  those 
relatmg  to  quarantine;  and  the  laws  relating  to  taxation.  Most  of 
these  subjects  have  been  incorporated  in  a  bill  presented  to  Congress 
by  Mr.  Adamson,  chairman  of  the  House  Comniittee  on  Interstate 
and  Foreign  Commerce,  which  committee  has  jurisdiction  of  canal 
mattei-s.  Mr.  Adamson's  bill  (H.  R.  15955),  passed  the  House  weeks 
ago,  and  cable  information  was  received  on  the  Isthmus  on  August  5 
that  the  Senate  had  passed  the  biU  with  amendments;  and,  no  doubt, 
the  bill  wiU  be  duly  enacted  at  this  session  of  Congress. 

During  the  last  fiscal  year,  the  land  office  has  settled  by  private 
agreement  and  paid  686  claims,  aggregating  the  sum  of  $335,740.50. 
This  amount  includes  the  large  claim  settled  with  Gov.  Reuben  S. 
Arcia,  of  Colon,  for  his  Rio  Indio  and  Mindi  land  and  unprovements 
thereon,  for  the  sum  of  $95,000.  Several  other  large  claims  were 
settled  during  the  fiscal  year.  This  makes  the  total  number  of  claims 
settled  and  paid  since  the  work  of  clearing  the  Canal  Zone  was 
commenced  on  January  1,  1913,  4,182,  aggregating  the  sum  of 
$851,566.64,  exclusive  of  any  award  made  by  the  Joint  Land  Com- 
mission. 

A  grand  total  of  5,244  claims,  aggregating  a  sum  of  $1,100,469.94, 
have  been  settled  and  paid  through  the  law  department  since  August 
1,  1908,  v.-hen  that  department  was  authorized  by  Executive  order 
to  handle  matters  relatmg  to  land  claims. 
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The  Joint  Land  Commission,  appointed  under  Articles  VI  and  XV 
of  the  Panama  Canal  treaty,  made  18  awards  during  the  last  fiscal 
year.  These  awards  involved  27  claims,  some  of  the  claimants 
having  more  than  one  claim  before  the  commission.  The  18  awards 
aggregate  the  sum  of  $10,675. 

The  commission  dismissed  854  claims  on  account  of  previous 
payment  having  been  made  by  the  land  office  to  the  claimants,  and 
16  claims  were  dismissed  by  the  commission  on  account  of  insuffi- 
ciency of  the  evidence.  One  claim  was  dismissed  at  the  request  of 
claimant's  counsel  because  the  property  claimed  is  not  located  within 
the  Canal  Zone,  and  one  was  dismissed  for  want  of  jurisdiction. 
The  number  of  dismissals  by  the  commission  durmg  the  fiscal  year 
aggregated  872. 

The  commission  disagreed  in  15  cases,  in  6  of  which  certificates  of 
disagreement  covering  9  docket  numbers  were  perfected  and  sub- 
mitted to  the  umpire  during  the  fiscal  year.  The  umpire  rendered 
4  decisions  during  the  fiscal  year,  involving  17  claims,  aggregating 
the  sum  of  $50,662. 

Hence  22  awards  were  made  during  the  fiscal  year  by  the  Joint 
Land  Commission  and  the  umpire,  involving  44  claims,  aggregating 
the  sum  of  $61,337. 

Five  of  the  awards  made  by  the  commission  related  to  land  claims, 
and  17  for  improvements  only.  The  umpire  made  2  awards  for  land 
clauns,  and  15  in  cases  in  which  improvements  only  were  claimed. 

A  recast  of  the  Joint  Land  Commission  docket,  made  by  the 
secretary  on  July  12,  1916,  showed  939  cases  then  pending,  including 
1  that  was  filed  in  January  of  this  year.  Between  June  30,  1916,  and 
July  12,  1916,  when  the  new  docket  was  prepared  by  the  secretary 
of  the  commission,  81  cases  had  been  disposed  of,  which  should  be 
added  to  the  939  appearing  on  the  docket  of  July  12,  1916,  making 
the  number  of  cases  pending  on  the  commission  docket  on  June  30, 
1916,  1,020.  The  1,020  claims  appearing  on  the  commission  docket 
of  June  30,  1916,  aggregate  the  sum  of  $12,308,834.15.  There  are  39 
claims  in  which  no  specific  amount  of  money  is  claimed,  and  in  conse- 
quence, their  value  is  not  included  in  the  aggregate  sum  just  men- 
tioned. 

Admiral  Victor  Maria  Concas  y  Palau  was  appointed  umpire  by 
the  President  of  the  United  States  and  the  President  of  Panama 
under  the  provisions  of  Articles  VI  and  XV  of  the  Panama  Canal 
treaty.  He  arrived  upon  the  Isthmus  on  April  10,  1916,  and  soon 
thereafter  entered  upon  his  duties  as  such  umpire. 

On  June  30,  1916,  there  were  32  licenses  in  effect,  which  wore  issued 
by  the  land  agent  for  Tlie  Panama  Canal  within  the  Canal  Zone. 
Tiiese  licenses  included  lots  occupied  by  various  oil  companies  for 
oil  tank  sites,  church  lots,  and  one  license  for  two  acres  of  ground  at 
Porto  Bello. 

During  the  fiscal  jear  there  were  10  licenses  issued  for  lots  within 
the  Canal  Zone.  These  are  included  in  the  32  above  mentioned. 
Tlie  total  rental  collected  on  the  hcenses  was  $10,918.  Tliis  is  a 
considerable  increase  over  last  year,  because  of  the  fact  that  since 
Jaimary  1,  1916,  aU  rentals  from  the  Mount  Hope  tank  farm  have 
been  collected  by  The  Panama  Canal  instead  of  the  Panama  Railroad 
Company. 
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111  the  annual  report  of  this  offico  for  tlie  year  ended  June  30,  1915, 
reference  was  made  to  the  suit  of  Gideon  Dixon  et  al.  against  George 
W.  Goethals  et  al.  and  the  case  of  Samuel  Anderson  et  al.  against  the 
same  defendants  named  in  the  Dixon  suit.  These  suits  were  hrought  in 
the  district  com't  at  Cristobal  to  enjoin  the  Governor  of  The  Panama 
Canal,  the  chief  of  poHce,  the  land  agent,  the  Panama  Railroad  Com- 
pany, and  the  local  agent  of  an  oil  company  from  taking  possession  of 
cert  ain  lands  at  Mount  Hope,  under  the  President's  order  of  December  5, 
1912.  The  court  dechned  to  issue  the  injunction,  and  the  cases  were 
consolidated  and  the  plaintiffs  appealed  to  the  Circuit  Court  of  New 
Orleans.  The  New  Orleans  court  denied  the  injunction  and  dismissed 
the  appeal,  from  wliich  order  the  two  cases  were  taken  by  the  plain- 
tiffs to  the  Supreme  Court  of  the  United  States.  They  attempted  to 
obtain  a  temporary  restraining  order  from  the  Court  at  Washington, 
which  was  denied  them.  The  cases  have  not  been  reached  upon  the 
trial  docket  of  the  Supreme  Court.  Inasmuch  as  that  court  denied  a 
temporary  restraining  order,  the  Canal  Zone  authorities  proceeded  to 
take  possession  of  the  property  involved,  and  to  remove  the  structures 
therefrom  that  were  interfering  with  the  construction  work  of  The 
Panama  Canal. 

There  w^as  a  slight  increase  in  the  amount  of  land  rentals  by  the 
Panama  Railroad  Company  in  the  cities  of  Panama  and  Colon  as  of 
Jmie  30,  1916.  This  was  due  to  the  fact  that  the  Railroad  Company 
leased  a  few  additional  lots  in  Colon  during  the  past  fiscal  year,  par- 
ticularly m  that  area  known  as  the  '^manufacturing  district."  There 
is  but  slight  chance  that  these  rentals  will  be  further  increased,  as  the 
railroad  company  has  leased  about  all  of  its  available  building  lots  in 
Colon.  If  it  is  desired  to  permit  tlie  further  growth  of  the  city  it  will 
be  necessary  for  the  railroad  company  to  grade,  either  by  diy  or 
hydrauhc  fill,  an  additional  piece  of  land  to  t-he  east  of  G  Street.  At 
the  present  time  the  land  agent  has  only  three  or  four  lots  unleased, 
which  will  no  doubt  be  taken  in  the  near  future. 

Tliere  has  been  no  change  in  the  condition  of  the  leases  for  Panama 
Railroad  Company  lots  at  Folks  River,  although  in  all  probability  all 
of  the  leases  of  lots  there  will  be  canceled  in  pursuance  of  the  Presi- 
dent's de])opulation  order. 

On  April  30,  1916,  all  leases  for  building  lots  at  Monte  Lirio  were 
canceled,  thereby  decreasing  the  land  rental  revenues  of  the  company 
by  $396.  The  cancellation  of  these  leases  was  effected  in  accordance 
with  the  general  order  of  depopulation.  Consequently  the  only 
property  which  the  Panama  Railroad  is  now  leasing  within  the  Canal 
Zone  are  the  few  lots  at  Folks  River. 

A  shght  decrease  appears  in  the  rental  of  Panama  Railroad  prop- 
erty at  Panama.  This  is  due  to  the  cancellation  of  the  leases  held 
by  Pinel  &  Co.  for  the  English  whai'f.  The  cancellation  of  these 
leases  necessitated  the  termination  of  two  other  leases  for  property  in 
the  vicinity  of  the  English  wharf.  The  amount  of  revenue  lost  is 
small,  being  only  $275  per  annum.  The  cancellation  of  the  lease  of 
the  English  wharf  was  due  to  its  condemnation,  as  well  as  that  of  the 
American  wharf,  by  the  health  officer  of  Panama. 

The  total  of  all  leases,  licenses,  and  permissions  in  effect  for  aU 
Panama  Railroad  property  on  June  30,  1916,  was  1,279,  covering 
1,380  lots,  earning  an  annual  rental  of  $129,415.88,  assuming  that  all 
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of  tliG  rental  is  collected.  Tliis  is  the  rental  value  as  taken  from  the 
book  records  as  of  June  30,  1916.  It  will  thus  be  seen  that  the  rental 
values  accruing  to  the  railroad  company  are  $8,569.10  more  than  the 
rentals  of  the  previous  fiscal  year. 

The  total  amount  of  money  actually  collected  from  all  Panama  Kail- 
road  properties  occupied  under  leases,  licenses,  and  permissions 
during  the  present  fiscal  year,  as  per  statement  submitted  to  the  land 
agent  by  the  Panama  Railroad  accountant,  is  $132,467.54,  an  increase 
of  $19,917.31  over  the  actual  collections  for  the  fiscal  year  ended 
June  30,  1915.  In  addition,  the  rentals  to  be  collected  for  the  fiscal 
year  ending  June  30,  1917,  assuming  that  they  wiU  aU  be  collected,  wiU 
show  an  increase  of  about  $9,000  over  the  book-account  rentals  of  the 
previous  fiscal  year.  These  increases  have  been  made  in  spite  of  the 
fact  that  since  June  30,  1914,  the  company  has  lost  nearly  $26,000 
per  annum,  due  to  the  cancellation  of  Canal  Zone  leases  at  Gatun, 
Monte  Lirio,  Frijoles,  Empire,  and  Culebra.  In  addition,  the  railroad 
company's  land  rentals  have  been  decreased  $6,600,  due  to  the  fact 
that  all  rentals  derived  from  the  licensing  of  lots  at  the  Mount  Hope 
oil-tank  farm  have  been  collected  for  the  account  of  The  Panama  Canal 
since  January  1,  1916,  this  being  done  because  all  lands  of  the  Panama 
Railroad  Company  in  the  Canal  Zone  have  been  taken  over  by  the 
Government  of  the  United  States  for  the  construction,  operation, 
maintenance,  sanitation,  and  protection  of  The  Panama  Canal. 
Consequently  all  licenses  for  oil-tank  lots  at  Mount  Hope  wiU  now  be 
issued  by  the  land  agent,  acting  on  behalf  of  The  Panama  Canal,  and 
not  the  Panama  Railroad  Company, 

Durmg  the  past  fiscal  year  there  were  95  new  leases  executed  for 
113  lots,  and  16  new  leases  issued  for  18  haH  lots,  on  behalf  of  the 
Panama  Railroad  Company  in  the  cities  of  Colon  and  Panama.  Some 
of  these  leases  were  renewals  and  others  were  for  lots  previously  leased 
to  parties  who  failed  to  comply  with  the  terms  of  their  lease;  and 
consequently  the  termination  of  the  lease  was  effected,  after  which 
lots  wore  advertised  and  leased  to  other  parties. 

I  am  submitting  a  statement  of  Panama  Railroad  leases  and 
licenses  in  effect  July  1,  1916,  prepared  by  the  land  agent: 

Statement  of  Panama  Railroad  leases  and  licenses  in  effect  Jixly  1,  1916. 


Ler 

oes. 

Lots. 

Kental. 

Location. 

'  July  1, 
1915. 

Julvl, 
19i6. 

July  1, 
19i5. 

July  1, 
19i6. 

July  1, 
1915. 

July  1, 
1916. 

Colon 

771 

53 

17 

10 

1  10 

106 

151 

83 

18 

1 

33 

791 

53 

17 

9 

781 

55 

16 

14 

14 

127 

193 

103 

30 

1 

3 

819 
55 
16 
12 

$76, 538. 48 

2,364.40 

1,264.20 

672.00 

390.00 

3, 982.  50 

7,910.% 

3,353.04 

3, 302.  00 

60.00 

275.00 

882,  885.  80 

Folks  River,  R.  P 

2, 364.  40 

Folks  River,  C.  Z 

1,264.20 

Stal )le  lots  (Colon) 

576.00 

Las  Esplanadas 

105 
153 

88 
17 
1 

121 
195 
106.1 
29.V 
l' 

4,010.00 

8, 154. 16 

3, 077. 08 
4,350.00 

Panama  Yard  ^ 

Juan  I'once 

60.00 

English  Wharf 

1,223 

1,237 

1,337 

1,353 

100, 178. 58 

107  612  24 

'  Canceled  Apr.  30,  1916. 

2  Increase  in  rental  for  I'anama  yard  due  on  account  of  81,000  increase  in  rental  of  land  leased  to  Panama 
Brcwini;  &  Refrigerating  Co. 

3  Canceled  Apr.  8, 1916. 
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AStatcmcnl  of  Pananvi  Railroad  leases  and  licenses  in  effect  Juhj  1, 1916 — Continued. 


Licenses  and  per- 
missions. 

Lots. 

Rental. 

July  1, 
lOiu. 

July  1, 
1916. 

Julvl, 
I9irj. 

July  1, 
19i6. 

July  1, 
1915. 

Julvl, 
1916. 

13 

10 

1 

3 

5 

8 
15 
1 
3 
5 
4 
6 

29 

$1,-509.00 
8,  734.  20 
3, 072.  00 
1,200.00 
3, 900.  00 

S145. 00 

Buildings,  stores,  and  rooms  in  Colon . . 

15,949.64 

1 ,  560.  00 

3 
13 

3 
13 
6 

1,200.00 

(^) 

666. 00 

6 

2,  253.  00 

2, 253. 00 

Total  (or  licenses  and  permissions 

38 

42 

45 

22 

20, 668.  20 

21,773.64 

Grand  total  for  allleases,  licenses, 

1,261 

1,279 

1,382 

1,380 

120,  8^6.  78 

129, 415.  88 

>  Miscellaneous  leases  have  liecn  included  this  year  with  statement  refjarding  licenses  and  permissions, 
inasmuch  as  these  are  for  miscellaneous  pieces  of  land  which  might  1  e  required  at  any  time  liy  the  railroad, 
and,  consequently,  the  occupants  of  same  hold  the  land  more  or  less  under  a  temporary  permission.  It 
will  1  e  noted  that  the  amount  of  miscellaneous  permissions  has  decreased,  and  this  is  explained  because 
certain  properties  are  now  included  with  leased  lots  or  come  under  the  heading  of  buildings,  stores,  etc. 
R.  S.  Carlson,  land  agent,  Ancon,  C.  Z.,  July  29,  1916. 

2  All  rentals  for  tank  sites  collected  by  Panama  Canal  effective  Jan.  1, 1916. 

On  July  9,  1916,  a  fire  occurred  in  the  City  of  Colon,  which  de- 
stroyed a  number  of  houses  located  upon  Panama  Railroad  lots. 
The  fire  covered  14  lots.  Reconstruction  of  houses  upon  these 
lots  must  conform  to  decree  23,  issued  by  the  President  of  Panama 
on  May  31,  1915,  which  requires  all  buildings  thereafter  to  be  con- 
structed in  the  City  of  Colon  to  be  of  masoncy,  brick,  concrete,  or 
other  fireproof  material.  A  circular  letter  has  been  issued  by  the 
land  agent  to  the  lessees  of  lots  in  the  burned  area,  informing  them 
that  the  railroad  company  is  willing  to  grant  them  new  leases  for  a 
period  of  25  years  from  July  1,1915,  instead  of  the  15-year  leaseheld 
by  the  lessees,  provided  the  lessees  will  accept  the  new  leases  with  a 
change  in  article  10  of  the  existing  leases.  As  amended,  the  article 
wiU  provide  that  at  any  time  prior  to  the  expiration  of  the  lease 
period,  should  the  Government  of  the  United  States  or  the  Panama 
Railroad  Compan]^  have  need  of  the  leased  lots,  the  lessor  company 
shall  have  the  privilege  of  termmatmg  the  lease  upon  one  year's 
notice  in  Avriting  upon  the  payment  at  that  time  of  the  fair  and 
reasonable  value  of  any  buildings  constructed  on  the  property. 

The  existing  leases  do  not  contain  provision  authorizing  the 
railroad  company  to  terminate  them  upon  notice.  Since  the_ circular 
letter  was  issued  by  the  land  agent  six  new  leases  covering  eight  lots 
have  been  issued  to  the  lessees  in  the  burnedarea.  I  might  add 
that  the  new  form  of  lease  had  already  been  issued  to  the  lessees 
of  lots  in  the  area  covered  by  the  previous  fire  of  April  30,  1915. 

The  following  Panama  Railroad  cases  were  settled,  either  by  judg- 
ment or  compromise,  during  the  fiscal  year  1915-16: 

CRISTOBAL   DIVISION,    DISTRICT   COURT   OF  THE   CANAL   ZONE. 

James  Beckford  v.  The  Panama  Railroad  Company,  civil  case  No.  83.  This  suit 
was  for  §10,000  on  account  of  personal  injuries.  The  complaint  was  filed  on  October 
13,  1914,  and  a  judgment  was  rendered  by  the  district  court  against  the  Panama 
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Railroad  on  October  6,  1915,  for  the  sum  of  $2,500  and  costs.  The  caae  •was  taken 
to  the  Circuit  Court  of  Appeals  at  New  Orleans  by  counsel  for  the  railroad  on  appeal 
aa  well  by  writ  of  error.  The  appellate  court  dismissed  the  appeal  and  affirmed  the 
judgment  of  the  trial  court  on  the  writ  of  error  proceedings.  The  judgment  and  costs 
were  satisfied  by  the  Panama  Railroad  Company  on  May  20,  1916. 

Fenne  Coverley  v.  The  Panama  Railroad  Company,  civil  No.  66.  This  suit  was 
for  $10,000  for  personal  injuries.  Suit  was  instituted  on  January  14,  1915,  and  set- 
tlement made  May  20,  1916.  The  plaintiff  accepted  $650  in  full  settlement  of  the 
claim. 

Joseph  Clark,  as  administrator  of  estate  of  Catherine  Farquharson,  deceased  v. 
The  Panama  Railroad  Company,  civil  No.  101.  This  suit  was  for  $5,000  for  personal 
injuries  resulting  in  death;  filed  August  12,  1915;  nonsuit  entered  at  plaintiff's  request 
November  6,  1915. 

Joseph  Forrest,  by  his  guardian  ad  lit.,  William  C.  Mclntyre  v.  The  Panama  Rail- 
road Company,  civil  No.  105.  Suit  for  $10,000  for  personal  injuries.  Complaint 
filed  September  8,  1915.     Case  dismissed  on  plaintiff's  motion  May  3,  1915. 

Fred  Huber  v.  the  Panama  Railroad  Company,  civil  No.  125.  Suit  for  $750  on  ac- 
count of  the  wrecking  of  plaintiff's  automobile  by  one  of  the  company's  locomotives. 
Complaint  was  filed  January  17,  1916.  On  May  4,  1916,  the  plaintiff  accepted  §300 
in  full  settlement. 

Andrea  Montpoint,  administrator  of  the  estate  of  Joseph  John,  deceased  v.  The 
Panama  Railroad  Company.  Suit  for  $10,000  damages  for  injuries  resulting  in  death. 
Case  was  filed  on  October  19,  1915.  The  demiurer  filed  by  the  defendent  company 
was  sustained  and  the  case  dismissed  November  19,  1915.  _ 

In  addition  to  the  cases  mentioned  above  in  the  district  court  of  Cristobal,  the 
case  of  Edward  Marsden  v.  The  Panama  Railroad  Company,  ci\il  No.  224,  was  filed 
in  the  magistrate's  court  at  Cristobal,  seeking  damages  in  the  sum  of  $300  on  account 
of  the  wrecking  of  plaintiff's  coach  by  one  of  the  engines  of  the  Panama  Railroad. 
Suit  was  instituted  on  September  8,  1915.  On  September  18,  1915,  the  plaintiff 
accepted  $200  in  full  settlement  of  the  claim. 

BAXBOA   DIVISION.   DISTRICT   COURT   OF  THE    CANAL   ZONE. 

Alonzo  B.  Jones  v.  The  Panama  Railroad  Company,  civil  No.  69.  Suit  for  damages 
in  the  sum  of  $2,500  for  false  imprisonment  and  malicious  prosecution.  Complaint 
was  filed  on  July  24,  1915;  trial  was  had  and  judgment  entered  for  the  defendant 
September  25, 1915. 

WilUam  L.  Davis  v.  The  Panama  Railroad  Company,  civil  No.  48.  Suit  for  $500 
damages  for  false  imprisonment.  Complaint  was  filed  on  December  9,  1914,  and 
trial  was  had  on  January  29,  1910,  resulting  in  a  judgment  against  the  company  for 
the  sum  of  $300  and  costs.  Motion  for  new  trial  being  overruled  the  judgment  was 
satisfied  by  the  railroad  company  on  April  17,  1916. 

M.  J.  Solomon  v.  The  Panama  Raihoad  Company,  civil  No.  77.  Suit  for  $27,000 
damages  for  refusal  of  the  railroad  company  to  ship  junk  belonging  to  Solomon  and 
for  slander.  Complaint  was  filed  on  September  13,  1915.  The  trial  was  had  by  a 
jury  on  January  10,  1916,  and  a  verdict  obtained  for  the  plaintiff  against  the  company 
for  $280  and  costs. 

The  following  cases  were  pending  in  the  courts  of  the  Canal  Zone 
against  the  Panama  Railroad  Company  at  the  end  of  the  fiscal  year 
1915-16: 

CRISTOBAIi  DIVISION.   DISTRICT   COURT   OP  THE   CANAL   ZONE. 

Michael  Chlsholm  v.  The  Panama  Railroad  Company,  ci\dl  No.  134.  Suit  for  $10,000 
damages  for  personal  injvuies.  Complaint  was  filed  on  May  3,  1916,  and  appearance 
entered  by  the  railroad  company  on  June  17,  1916. 

James  Daley  v.  The  Panama  Railroad  Cx)mpany,  civil  No.  70.  Suit  for  $440  debt. 
Case  filed  January  30,  1915;  answer  filed  by  the  railroad  company  May  27,  1915. 
No  further  action  has  been  taken  in  the  case  due  to  the  absence  of  witnesses. 

T.  A.  Green  v.  The  Panama  Railroad  Company,  civil  No.  97.  Suit  for  $1,000  dam- 
ages for  killing  a  horse  by  an  engine  of  the  Panama  Railroad  Company.  This  case 
was  filed  on  July  8,  1915.  Demurrers  on  behalf  of  the  raihoad  company  were  pre- 
sented and  overruled,  and  answer  was  filed  on  behalf  of  the  railroad  company  on 
October  12,  1915,  since  which  time  no  further  action  has  been  taken  in  this  case. 

George  Duncan  Gittons  v.  The  Panama  Railroad  Company,  civil  No.  130.  Suit 
for  $10,000  damages  for  personal  injuries.  Complaint  was  filed  on  March  15,  1915, 
and  demurrer  was  filed  on  behalf  of  the  Panama  Railroad  Company  on  May  1,  1915, 
and  no  action  had  been  taken  on  this  case  at  the  end  of  the  fiscal  year. 


REPORT   OF   SPECIAL   ATTORNEY.  535 

Leopoldo  B.  Garcia  r.  the  Panama  Railroad  Company,  civil  No.  141.  Suit  for 
$:^.ri()0  for  personal  injuries.  Complaint  was  filed  on  June  1(5,  191 G,  and  appearance 
was  entered  on  behalf  of  the  Panama  Railroad  Company  on  June  17,  191(j. 

Daniel  Pivott,  administrator  of  estate  for  Edward  C.  Pivott.  deceased,  v.  The  Panama 
Railroad  Company,  civil  No.  142.  Suit  fur  damages  for  $20,000  for  injuries  resulting 
in  death.  Complaint  was  liled  on  June  30,  1916;  since  said  date  an  appearance  has 
been  entered  on  behalf  of  the  Panama  Railroad  Company. 

Tomaa  Keina  v.  Beatriz  Bracho  et  al.  and  the  Panama  Railroad  Company,  civil 
No.  139.  Bill  for  partition  of  lands  known  as  "Rio  Indio  y  Mindi. "'  Suit  was  filed 
on  May  29, 1916.  Appearance  was  entered  on  behalf  of  the  Panama  Railroad  Company 
on  June  17, 1916. 

All  of  the  lands  involved  in  this  case  were  taken  over  by  the  United  States  \inder 
the  President's  depopulation  order  prior  to  the  filing  of  the  plaintiff's  complaint  in 
the  district  court,  and  in  consequence  the  lauds  were  no  longer  within  the  reach  of 
the  court's  jurisdiction.  This  phase  of  the  case  will  be  urged  before  the  district 
court  by  counsel  for  the  Panama  Railroad  and  the  United  States. 

Dudley  Smith  r.  The  Panama  Railroad  Company,  civil  No.  132.  Suit  for  damages 
for  ,?2,500  (or  personal  injuries.  Complaint  was  file'd  on  April  17,  1916,  and  demurrers 
on  behalf  of  the  railroad  company  to  complaint  were  filed  May  1,  1916. 

Joseph  T.  Toppin  v.  The  Panama  Raihoad  Company,  civil  No.  96.  Suit  for  $15,000 
damages  on  account  of  personal  injuries.  Complaint  was  filed  on  July  3,  1915,  and 
the  demurrers  filed  on  behalf  of  the  Panama  Railroad  Company  were  overruled  on 
September  11, 1915,  and  answer  was  filed  on  behalf  of  the  railroad  company  on  October 
12,  1915.     No  further  action  has  been  taken  on  this  case  since  that  date. 

In  addition  to  the  above-mentioned  cases  pending  in  the  district  court  at  Cristobal 
on  June  30,  1916,  against  the  Panama  Railroad  Company,  there  are  three  other  cases 
that  have  been  on  the  docket  for  several  years.     The  cases  are: 

Panama  Railroad  Company  v.  Eufracia  C.  de  Villalobos  and  Porfirio  Melendez. 
Suit  for  revindication  of  lands.     Petition  filed  March  21,  1912. 

Pedro  Celestino  Cereso  v.  Eusebio  Diaz  et  al.,  and  the  Panama  Railroad  Company 
as  intervener.  Petition  to  establish  title  to  real  property.  Petition  filed  June  24, 
1909. 

Panama  Railroad  Company  v.  A.  S.  Mendes  et  al.  Suit  for  recovery  of  land.  Peti- 
tion v.-aa  filed  March  6,  1912. 

The  lands  involved  in  the  three  cases  just  mentioned  have  been  taken  over  by  the 
United  States  under  the  President's  depopultaion  order;  and  the  parties  claiming  the 
property  adversely  to  the  Panama  Railroad  Company  have  filed  their  claims  before 
the  Joint  Land  Commission.  For  that  reason  no  disposition  has  been  made  of  these 
cases. 

BALBOA   DIVISION,  DISTRICT   COURT   OP   THE    CANAL  ZONE. 

Joseph  Marshall  v.  The  Panama  Railroad  Company,  civil  No.  235,  in  the  magis- 
trate's court.  Suit  for  $300  damages  for  injury  to  a  horse  by  one  of  the  Panama  Rail- 
road busses  running  between  the  Tivoli  Hotel  and  Balboa.  Suit  was  instituted  on 
May  27,  1916.  Trial  was  had  and  judgment  rendered  in  favor  of  the  plaintiff  in  the 
sura  of  §95.  The  company  appealed  the  case  to  the  District  Court  of  the  Canal  Zone, 
Balboa  division.  This  ca'se  has  been  disposed  of  since  June  30,  1916,  by  judgment 
against  the  Panama  Railroad  Company  in  the  sum  of  $50. 

Reference  is  made  in  the  annual  report  of  this  office  for  the  year 
1914-15  to  suit  instituted  by  the  Panama  Railroad  Company  against 
Rodriquez  and  Uribe  in  the  courts  of  the  Republic  of  Panama,  to 
prevent  the  defendants  from  interfermg  with  the  rights  of  the  Com- 
pany along  the  shore  front  in  the  City  of  Panama  at  and  adjacent 
to  the  American  pier,  which  is  the  property  of  the  Panama  Raih'oad 
Company.  The  second  circuit  court  of  the  City  of  Panama  rendered 
a  judgment  agamst  the  Railroad  Company  on  May  3,  1915.  An 
appeal  was  taken  to  the  Supreme  Court  of  Panama  on  May  3,  1915, 
where  a  preliminary  judgment  agamst  the  Panama  Railroad  was 
rendered  on  May  31,  1915.  A  motion  for  reconsideration  of  the  pre- 
liminary judgment  was  denied. 

During  the  last  fiscal  year  the  issues  between  the  Panama  Railroad 
Company  and  the  defendants  were  adjusted  by  written  agreement. 
The  defendants  acknowledged  the  ownership  of  the  Railroad  Company 
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to  the  pier  and  shore  front  adjacent  to  the  pier;  that  is  to  say,  thoy 
acknowledged  all  of  the  rights  of  the  Panama  Railroad  Company. 
They  then  entered  into  an  agreement  with  the  railroad  company  by 
which  the  latter  was  to  permit  them  to  use  the  company's  tracks  to 
bring  material  to  the  shore  front  for  the  purpose  of  reclaiming  a 
considerable  portion  of  the  submerged  area.  In  consideration  of 
the  use  of  the  company's  tracks  Rodriquez  and  Uribe  agreed  to 
fill  in  the  submerged  area  in  front  of  the  railroad  company's  property. 
The  agreement  was  carried  out  by  both  parties.  As  a  result  of  this 
settlement,  the  Panama  RaHroad  Company  retained  complete 
ownership  and  possession  of  its  shore  front  adjoining  the  American 
pier,  ana  4,066  square  meters  of  the  submerged  area  in  front  of  its 
property  was  reclaimed  for  its  benefit  by  Rodric^uez  and  Uribe. 

In  addition  to  the  duties  above  mentioned,  this  ofHce  has  rendered 
services  to  the  Governor  of  The  Panama  Canal  m  his  dealings  with 
the  Washington  authorities;  and  this  oflice  has  also  rendered  assist- 
ance in  legal  matters  to  the  American  Mmister  in  Panama  when 
requested  by  him. 
Respectfully, 

Frank  Feuille, 

Special  Attorney. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 


APPENDIX  L. 

EEPOST   OF   THE    CHIEF   HEALTH   OFFICER,  DEPARTMENT  OF 

HEALTH. 


Balboa  Heights,  Canal  Zone,  July  22,  1916. 

Sir:  I  have  tlie  honor  to  submit  the  following  report  of  the  opera- 
tions of  the  health  department  for  the  fiscal  year  ending  June  30, 1916: 

This  department  was  in  charge  of  Lieut.  Col.  Charles  F.  Mason  as 
chief  health  officer  for  the  greater  part  of  the  year.  He  was  relieved 
from  duty  with  The  Panama  Canal  on  June  7, 1916,  the  undersigned 
assuming  the  duties  of  chief  health  officer  on  June  22,  1916. 

General  Remarks. 

No  cases  of  yeUow  fever,  smallpox,  or  plague  have  originated  on 
the  Isthmus  during  the  year.  With  the  exceptions  noted  below,  no 
cases  of  these  diseases  were  brought  to  the  Isthmus  during  this 
period. 

Four  cases  of  yeUow  fever  were  received  at  Balboa  quarantine  on 
the  following  dates:  One  case  September  27,  1915;  1  case  October  25, 
1915;  2  cases  December  10,  1915.  All  of  these  cases  came  from 
Buenaventura,  Colombia,  by  the  steamship  Jamaica.  Proper  pre- 
cautions were  taken  and  no  secondary  cases  developed.  There  was 
no  knowledge  in  the  Canal  Zone  of  the  existence  of  yellow  fever  at 
Buenaventura  until  the  arrival  of  the  first  case,  on  September  27; 
biU  of  health  was  ''clean"  as  to  existence  of  yellow  fever  in  each 
instance.  This  emphasizes  the  necessity  of  mamtaming  a  protective 
quarantine  agamst  South  and  Central  American  ports. 

The  average  number  of  employees  on  the  roUs  of  The  Panama  Canal, 
the  Panama  Railroad,  and  contractors  domg  work  for  The  Panama 
Canal  for  the  year  was  33,548,  as  compared  with  37,715  for  1915. 
The  gross  cost  of  the  health  department  tor  the  year  was  S933, 127.66, 
as  compared  with  $923,108.78  for  1915.  Increase  over  the  previous 
year  has  been  due  to  the  large  amount  of  permanent  work  done  in 
ditching  and  drainage,  necessitated  by  the  location  of  permanent 
tovfiisites. 

Durmg  the  year  19,770  persons  were  vaccinated  m  the  cities  of 
Panama,  Colon,  the  Canal  Zone,  and  on  board  vessels. 

Practically  no  change  has  been  made  in  the  locations  of  military 
units  durmg  the  year;  the  greater  number  contmue  to  occupy  the 
posts  on  the  west  side  of  the  canal.  The  total  strength  of  troops 
stationed  in  the  Canal  Zone  on  June  30,  1916,  was  7,138,  as  compared 
with  6,248  on  the  corresponding  date  of  last  year.  The  number  of 
women  and  children  pertainmg  to  military  commands  was  869,  as 
compared  with  373  for  last  year.  Among  the  troops  there  were 
4,312  admissions  during  the  year,  with  8  deaths.  Malaria  was  given 
as  the  cause  of  admission  in  479  cases. 
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A  sanitary  commission  consisting  of  Dr.  E.  P.  Beverly  and  Sanitary 
Inspector  Joseph  A.  Corrigan,  both  in  the  Panama  Canal  service, 
proceeded  to  Buenaventura,  Colombia,  at  the  request  of  the  Colom- 
bian Government,  on  March  20,  1916,  returning  June  28,  1916.  They 
apparently  did  most  excellent  work.  In  their  report  it  is  stated  that 
there  has  been  no  yeUow  fever  in  Buenaventura  since  May,  1916, 
but  that  the  work  accomplished  is  of  a  temporary  nature,  as  with  a 
lack  of  proper  water  supply,  sewage  and  drainage  systems,  and  active 
antimosquito  work,  this  port  can  not  be  expected  to  remain  free 
from  the  disease. 

Vital  Statistics. 

employees. 

The  health  of  employees  remained  good  during  the  year.  The 
total  admission  rate  to  hospitals  and  <juarters  was  301 .09,^  compared 
with  337.21  for  1915.  The  total  admission  rate  to  hospitals  only  for 
the  year  was  164.78,  compared  with  204.18  for  1915,  and  for  disease 
alone  125.88,  as  compared  with  156.81  for  1915. 

The  total  death  rate  for  1916  was  6.65,  as  compared  with  5.78  for 
1915,  and  the  death  rate  for  disease  4.98,  as  against  3.61  for  1915. 
The  noneffective  rate  for  1916  was  10.08,  compared  with  10.67 
for  1915. 

Conditions  with  regard  to  malaria  are  improving  steadily  each 
year.  The  total  admission  rate  for  malaria — hospitals  and  quar- 
ters— was  34,  as  compared  with  66.60  for  1915,  a  reduction  of  48  per 
cent  from  the  rate  of  the  previous  year;  the  constantly  noneffective 
rate,  hospitals  and  quarters,  was  0.87,  as  against  1.29  for  1915.  The 
death  rate  for  malaria  was  0.15,  as  compared  with  0.21  for  1915. 
Only  one  death  from  malaria  occurred  among  white  employees  during 
the  year. 

The  admission  rate  for  typhoid  fever  was  0.18,  as  against  0.19  for 
1915;  and  the  death  rate  0.12,  as  compared  with  0.03  for  1915. 

The  admission  rate  for  dvsentery  was  0.80,  as  compared  with  0.85 
for  1915.  The  death  rate  for  dysentery  was  0.09,  as  compared  with 
0.05  for  the  previous  5''ear. 

The  death  rate  for  pneumonia  was  1.16,  as  compared  with  0.58 
for  1915. 

The  five  diseases  causing  the  highest  nimiber  of  hospital  admis- 
sions, with  their  rates,  were  as  follows: 


Numhor 
o[  admis- 
sions. 

Rate. 

9S3 
575 
169 
12S 
99 

29.30 

17.11 

5.0-1 

3.81 

2.95 

I  All  rates  are  based  on  the  annual  rate  per  1,000  employees. 
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The  five  diseases  causing  the  highest  number  of  deaths,  with  their 
ratos,  were  as  lollows: 


Rate. 


Lobar  pneumonia 

Tuberculosis 

Nephritis 

Oriranic  disease  of  the  heart 
Apoplexy 


EFFECTS   OF   SEASON. 

The  highest  death  rates  for  disease  occurred  in  the  months  of  April 
and  June,  and  the  lowest  in  May  and  July.  The  highest  admission 
rates  for  disease  were  in  July  and  August,  and  the  lowest  in  April  and 
May. 

EFFECTS    OF    RACE. 

The  admission  rate  to  hospitals  and  death  rate  for  disease  for  black 
employees  were  99.01  and  5.25,  as  compared  with  295.23  and  3.26  for 
white  employees.  The  noneffective  rate  for  disease  and  mjuries  for 
black  employees  was  8.67,  as  compared  with  18.92  for  white  employees. 

The  admission  rate  to  hospitals  and  quarters  for  malaria  was  25.62 
for  blacks,  as  compared  with  85.69  for  white  employees. 

DEPORTATIONS. 

The  number  of  deportations  was  69,  divided  as  follows : 


Disease. 

Injury. 

Total. 

33 

18 

IS 

SI 

18 

Total 

51 

18 

69 

CANAL    ZONE. 

The  average  population  of  the  Canal  Zone  for  the  year  was  31,384, 
as  compared  with  35,249  for  last  year.  There  was  a  total  of  398 
deaths  during  the  year;  of  these,  346  were  from  disease,  giving  a  rate 
of  11.02,  as  compared  with  11.77  for  the  year  1915. 

The  death  rate  from  tuberculosis  was  1.21,  as  compared  with  1.33 
for  the  year  1915.  Deaths  from  tuberculosis  this  year  were  9.55 
per  cent  of  all  deaths. 

The  birth  rate  for  the  year  was  20.61.  The  infant  mortality  rate 
for  white  children  under  1  year  of  age  was  89  per  thousand,  and  for 
colored  children  211,  with  a  general  average  of  170.  Total  deaths 
from  disease  for  children  under  5  years  of  age  was  41  per  cent. 

PANAMA  crrY. 

With  an  average  population  of  the  city  for  the  year  of  60,576  there 
was  a  total  of  1,710  deaths,  of  which  1,652  were  from  disease,  giving 
a  rate  of  27.27  per  thousand,  as  compared  with  30.74  for  the  preceding 
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year,  Tlie  death  rate  for  malaria  was  0.24,  as  compared  with  1.39 
for  1915. 

There  were  2,664  bkths  reported  during  the  year,  giving  a  birth  rate 
of  43.98.  The  infant  mortality  for  the  same  period  was  212  per 
thousand. 

Of  the  total  deaths  from  disease,  there  were  812  deaths  under  5 
years  of  age  (47.5  per  cent  of  total  deaths),  and  580  deaths  under  1 
year  of  age  (33.9  per  cent  of  total  deaths).  There  were  184  stillbirths, 
giving  a  percentage  of  6.9  per  cent  of  the  total  births. 

Tuberculosis  gave  a  death  rate  of  4.82,  as  compared  with  3.89  for 
1915,  being  17  per  cent  of  the  total  deaths  this  year,  as  compared  with 
12  per  cent  of  the  total  deaths  for  the  previous  year. 

COLON. 

The  average  population  of  the  city  for  the  year  was  27,012,  among 
whom  there  were  691  deaths;  662  of  these  were  from  disease,  giving 
a  rate  of  24.51  per  thousand,  as  compared  with  21 .25  for  the  year  1915. 
The  death  rate  for  malaria  was  0.33,  as  compared  with  the  rate  of  0.54 
for  the  preceding  year.  The  death  rate  for  tuberculosis  was  3.05, 
being  12  per  cent  of  the  entire  deaths  from  all  causes. 

The  birth  rate  for  the  year  was  29.17,  and  the  mfant  mortality  230. 

Of  the  total  deaths  from  disease,  the  percentage  under  5  years  of 
age  was  39. 

DIVISION    OF    HOSPITALS. 

The  number  of  employees  in  this  division  on  June  30,  1916,  was  510, 
as  compared  with  507  on  the  correspondmg  date  of  last  year.  The 
cost  of  the  division  was  $528,307.1 0,  as  compared  with  $568,586.77  for 
the  preceding  year.  (These  figures  mclude  Corozal  farm  and  medical 
storehouse.) 

Charity  patients  numbering  714  were  admitted,  with  a  total  of 
41,373  days'  treatment,  as  compared  with  1,042  patients  and  48,634 
days  in  1915. 

The  number  of  soldiers  admitted  to  hospitals  was  1,738,  with 
26,566  days'  treatment,  as  compared  with  1,969  admissions  and  25,627 
days'  treatment  for  the  preceding  year. 

Ancon  Hospital. 


The  average  number  of  patients  constantly  present  in  Ancon 
Hospital  during  the  year  was  748,  as  compared  with  802  for  the 
year  ending  June  30,  1915.  The  average  number  of  employees 
constantly  sick  in  hospital  was  267  for  1915-16,  as  against  331  for 
1914-15. 

The  gross  cost  of  the  hospital  for  the  year  was  $394,991.37,  as 
compared  with  $435,661.49  for  the  preceding  year.  These  figures 
include  cost  of  operating  the  board  oi  health  laboratory  and  Corozal 
Hospital. 

PERMANENT    BUILDINGS. 

Wards  3  and  4  were  vacated  in  August,  1915,  demoUshed,  and 
the  first  unit  of  the  permanent  hospital  erected  on  their  site,  being 
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completed  and  turned  over  for  occupancy  by  hospital  patients  in 
June,  1916.  All  white  American  male  ward  patients  were  housed 
in  this  section  June  30.  . 

The  building  containing  the  medical  out-patient  clinic,  X-ray 
apparatus,  and  library  was  vacated  and  turned  over  to  the  building 
division  in  August,  1915,  for  use  as  a  local  field  office. 

Wards  1  and  2  were  vacated  in  June,  1916,  demohshed,  and  on 
then-  site  construction  was  begun  on  the  second  unit  of  the  perma- 
nent hospital.  This  unit  will  contain  the  white  women's  wards, 
nursery,  children's  ward,  and  the  icmainder  of  space  in  the  building 
will  be"  made  into  private  rooms. 

Waids  13  and  14  were  vacated  in  June,  1916,  demohshed,  and 
construction  started  on  the  new  board  of  health  laboratory. 

The  permanent  concrete  crematory  building  was  completed  during 
the  year,  cremating  apparatus  set  up,  and  operations  resumed  m 
January,  1916.  The  buildmg  is  located  immediately  adjacent  to  the 
new  laboratory  site. 

TRANSPORTATION. 

One  double  and  one  single  team  is  the  only  animal  transportation 
at  present  in  service,  the  balance  having  been  replaced  by  motor 
transportation  consisting  of  one  1-ton  truck,  one  l^-ton  truck,  one 
ambulance,  one  hearse,  which  has  resulted  both  in  efficiency  of 
service  and  economv. 

The  1-ton  truck  was  operated  during  the  fiscal  year  11,717  miles, 
at  a  cost  of  $1,943.06  (which  includes  $203.82  depreciation  charges), 
a  saving  over  the  animal  transportation  it  replaced  of  $850.43,  and  a 
total  saving  to  date  of  $1,375.77.  Truck  was  put  in  operation 
March  22,  1915;  cost,  $1,705.64. 

The  li-ton  truck  cost  $2,574.28;  put  in  service  December  28,  1915; 
was  operated  3,950  miles  at  an  expense  of  $549.23  (which  includes 
$157.82  depreciation);  a  saving  of  $1,363.07  in  animal  transportation 
it  replaced. 

The  ambulance  cost  $1,412.74;  put  into  service  Aprd  6,  1916;  and 
was  operated  1,835  miles  at  a  cost  of  $524.54  (including  $56.50 
depreciation),  a  saving  of  $35.60  over  animal  transportation.  The 
showing  is  gratifying,  howevei,  in  that  as  the  motor  ambulance  does 
24-hour  duty,  it  has  double  the  number  of  chauffeurs,  one  of  whom 
is  a  white  American  foreman  chauffeur  who  makes  minor  repairs  and 
adjustments  to  all  motor  transportation;  and  as  to  handling  emer- 
gency cases  from  Balboa  docks,  transfers  to  Corozal  Hospital,  and 
such  other  distant  points,  renders- efficient  service  heretofore  not 
obtainable  by  double  or  more  the  animal  transportation  actually 
replaced. 

The  hearse,  put  in  service  September,  1915,  cost  $632.50;  was 
operated  2,314  miles  at  a  cost  of  $526.72  (hicluding  $117.80  depre- 
ciation), a  saving  over  animal  transportation  which  it  replaced  of 
$432.28. 

A  1-ton  trailer  cost  $120;  was  received  and  put  m  service  June, 
1916. 

The  total  saving  effected  by  motor  transportation  to  June  30,  on  a 
capital  expenditure  of  $6,450.16,  is  $3,206.62. 
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X-RAY   CLINIC. 


Recent  advances  in  roentgenology  and  radiotherapy  rendered  it 
necessary  to  provide  increased  and  better  facilities  for  conducting 
work  of  this  character  at  Ancon  Hospital. 

During  the  past  year  the  X-ray  department  was  moved  mto  larger 
and  more  suitable  quarters  and  the  latest  model  equipment  provided 
and  installed  for  making  modern  radiographic  examinations.  The 
new  equipment  includes  one  vertical  roentgenoscope ;  one  radio- 
graphic, stereoscopic,  and  fluoroscopic  tube  stand;  one  radiostereo- 
scopic  X-ray  table  with  horizontal  fluoroscopic  attachments;  one 
stereoscope ;  two  Cooledge  X-ray  tubes  with  overhead  wiring  systems; 
a  complete  dark-room  equipment,  including  a  large  soapstone  devel- 
oping tank  with  water-cooling  apparatus  for  the  rapid  development 
of  plates  under  tropical  conditions. 

To  accommodate  this  apparatus  and  to  provide  the  needed  space 
for  its  satisfactory  and  economical  operation,  six  rooms  were  set 
aside  for  use  of  this  department.  This  arrangement  provides  an 
office  and  demonstratmg  room,  examination  room,  fluoroscopic  room, 
dark  room,  a  dressing  room  for  patients,  and  a  fihng  room  for  plates. 

In  view  of  the  great  mcrease  in  the  amount  of  X-ray  work  at 
Ancon  Hospital,  and  its  extension  into  fields  other  than  surgical,  it 
was  deemed  advisable  to  reheve  the  surgical  clinic  of  the  hospital 
from  further  responsibility  for  work  of  this  nature.  An  independent 
department  was  estabhshed,  effective  January  1,  1916,  and  desig- 
nated X-ray  chnic.  As  chief  of  the  clinic,  an  expert  roentgenologist 
was  secured,  who  devotes  his  entire  time  to  this  work. 


CHRONIC   PATIENTS, 


Sixty-five  chronic  patients  received  10,163  days'  care,  at  a  cost  of 
$2.415J3. 

COROZAL  HOSPITAL. 

Buildings. — Two  permanent  buildings  were  added  to  the  hospital 
and  farm  during  the  fiscal  year;  one  a  modern,  concrete,  fly-proof, 
compost  pit  containing  four  compartments,  being  erected  on  the 
farm,  and  the  other  a  carpenter  shop,  being  erected  mthin  the 
hospital  inclosure. 

A  steam  plant,  consisting  of  boiler,  pipe  line,  and  sterihzer,  was 
constructed  to  provide  for  the  proper  sterihzation  of  all  milk  con- 
tainers, as  well  as  the  disinfection  of  beds  and  bedding.  This  plant 
will  also  be  used  in  connection  ^\nth  hydrotherapy  and  steam  cook- 
ing. 

Authority  was  granted  and  construction  commenced  on  a  niodern 
chicken  house,  concrete  foundation,  capable  of  housing  2,000  chickens. 
Tlie  pigeon  house  wtis  improved  with  a  shelter  shed,  and  will  bo  further 
improved  when  the  new  chicken  house  is  completed.  A  new  pig- 
gery will  be  constructed  soon. 

Ilosintal  dejyartment. — lliere  were  253  patients  in  the  asylum  on 
July  1,  1915,  of  whom  146  were  maJes  and  107  females.  At  tlie 
close  of  June  30,  1916,  the  number  of  patients  remaining  was  291,  of 
whom  173  were  males  aiul  118  females.  The  movement  dunng  the 
year  is  shown  in  the  follo\ving  table: 
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Remaining  July  1,  1915: 

Male 146 

Female 107 

Admission: 

Male 120 

Female C(i 

Discharges: 

Male 73 

Female 29 

Deaths: 

Male 20 

Female 2G 

Remaining  June  30,  1916: 

Male 173 

Female 118 

Of  tho  admissions,  12  males  and  1  female,  and  of  the  discharges, 
16  males  and  1  female,  were  patients  transferred  to  Ancon  Hospital 
for  sm'gical  treatment. 

Personnel. — The  increased  number  of  patients  and  the  desire  to 
give  them  as  near  as  possible  the  care  and  treatment  received  in 
similar  institutions  in  the  United  States  required  some  additions  to 
the  personnel.  An  additional  physician  specially  trained  in  psy- 
chiatry was  authorized  and  has  reported  for  duty.  The  nursing  staff 
was  reorganized,  creating  the  position  of  chief  nurse,  thus  making 
the  entire  number  of  nurses  eight,  four  female  and  four  male. 

During  the  year  the  hospital  has  been  completely  reorganized  with 
almost  an  entire  change  of  personnel.  An  effort  is  being  made  to 
keep  complete  records  and  histories,  and  to  provide  amusement, 
exercise,  and  occupation,  such  as  is  the  custom  m  the  United  States. 
Ah'eady  very  favorable  results  have  been  obtained. 

Grounds. — Dming  the  latter  part  of  the  fiscal  year  special  atten- 
tion has  been  given  to  the  regrading  and  beautifving  the  hospital 
grounds,  with  gratifying  results.  The  bare  earth  has  given  way  to 
good  lawns,  many  trees  have  been  planted,  and  hedges  constructed. 
All  this  work  has  been  done  with  patient  labor. 

A  garden  has  been  laid  out  within  the  hospital  inclosure,  and 
good  crops  have  been  raised,  the  results  having  warranted  plans 
for  increasing  the  extent  and  variety  of  the  vegetables  produced. 

Farm  department. — The  farm  department  has  been  reorganized 
and  the  position  of  assistant  farm  manager  created.  The  number 
of  cripples  on  the  farm  at  the  beginning  of  the  fiscal  year  was  9 
whites  and  40  blacks.  At  the  close  of  June  30,  1916,  there  were  9 
whites  and  44  blacks.     No  deaths  occurred  among  the  cripples. 

Dairy. — During  the  second  half  of  the  fiscal  year  an  experienced 
man,  specially  trained  in  dairying,  was  placed  in  charge  of  this 
branch  of  the  farm.  The  standard  adopted  has  been  that  of  the  best 
dairies  in  the  States,  and  a  careful  laboratory  check  of  the  products 
is  made  to  guarantee  the  contained  standard  of  excellence.  Tlie 
milk  production  during  the  latter  part  of  the  year  shows  a  reduction 
compared  with  the  previous  six  months.  For  a  few  months  the 
supply  was  not  equal  to  the  demand,  due  to  the  fact  that  many  of  the 
cows,  failing  to  produce  sufficient  milk  to  warrant  retention  in  the 
herd,  were  condemned  and  sold  as  beef.  However,  lately  the  milk 
production  has  been  ample  for  all  demands.  Twenty-two  young 
cows  have  been  purchased  and  are  gradually  freshening,  and  the 
milk  production  will  shortly  be  sufficient  for  any  reasonable  increase 
in  demand.     Since  February  14,  1916,  a  daily  coimt  of  the  organ- 
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isms  i3resent  in  the  milk  has  been  made  at  the  board  of  health  labora- 
tory. Tlie  highest  count  was  32,000  bacteria  per  c.  c,  the  lowest 
count  450  c.  c,  the  average  being  from  5,000  to  10,000  organisms 
per  c.  c.  Periodic  inspections  of  the  dairy  have  been  made  by  rep- 
resentatives of  the  board  of  health  laboratory,  and  since  the  installa- 
tion of  the  sterilizing  plant  for  the  m.ilk  utensils,  have  all  been  sat- 
isfactory. Tlxo  milk  of  the  dairy  therefore  is  equal  to  the  grade 
kno'>vn  as  ''certified  milk"  in  the  United  States. 

Piggery. — At  the  close  of  the  year  the  piggery  contained  2  reg- 
istered boars,  92  hogs,  54  pigs,  and  62  sucklmgs,  or  a  total_  of  210. 

Poultry. — Tlie  income  from  the  poultry  yard  shows  an  increase 
dm^ing  the  latter  part  of  the  year,  although  for  a  few  months  the 
production  materially  decreased.  At  the  end  of  the  fiscal  year 
the  production  record  was  an  average  of  about  20  per  cent.  Tlie 
flock  numbered  526  hens  on  June  30.  Tliis  will  be  increased  by  500 
new  Rhode  Islands  Reds  witliin  a  short  time,  and  all  will  be  placed 
in  the  new  concrete  chicken  house  being  constructed.  It  is  expected 
the  egg  production  wiU  shortly  reach  the  desired  average  of  30  per 
cent. 

Garden. — The  sale  of  plants  and  flowers  showed  a  large  increase 
during  the  last  half  of  the  fiscal  year.  Vegetables  and  fruits  pro- 
duced a  large  income,  and  were  readily  disposed  of  to  Ancon  Hos- 
pital and  the  commissaries. 

Farra  revenues. — The  following  statement  shows  the  compara- 
tive income  from  the  four  branches  of  the  farm  during  the  two 
six-months  periods  of  the  year: 


Dairy. 

Piggery. 

Poultry. 

Garden. 

Total. 

July  1  to  Dee.  31, 1915 

Jan.  Ito  June30,  1916 

SB, 992. 67 
6, 670. 34 

$711.27 
894.07 

$786. 55 
885.65 

$1,363.55 
2,295.35 

f9, 854.04 
10,745.41 

13,663.01 

1,605.34 

1,672.20 

3, 658. 90 

20,599.45 

General. — The  hospital  at  present  shows  the  larger  income,  and 
more  than  makes  up  the  small'deficit  on  the  fai  m.  It  is  expected  that 
before  the  end  ot  the  fiscal  year  1917  the  farm  will  show  a  gradual 
increase  and  a  decided  profit  in  its  favor.  Taking  hito  consideration 
that  only  cripple  labor,  hberally  paid,  is  employed  on  the  farm,  with 
the  exception  of  a  few  able-bodied  foremen,  these  results  are  most 
gi-atifying. 

BOARD    OF   HEALTH   LABORATORY, 

The  end  of  the  year  finds  the  laboratory  about  to  move  into  a  tem- 

Eorary  building  lor  a  period  of  six  months  or  more,  while  the  new 
uilding  is  being  completed.  The  new  laboratory  is  to  be  a  two- 
story  conciete  structure  in  the  shape  of  a  square  open  at  the  back. 
It  will  for  the  first  time  in  the  history  of  the  laboratory  department 
place  the  board  of  health  laboratory  in  suitable  surroundings. 

The  activities  of  the  board  of  health  laboratory  have  been  many 
and  varied.  The  following  is  a  summary  of  the  more  important  work 
done : 

Tliree  hundred  and  forty  autopsies  weie  perfoimed  and  complete 
records  made.     These  autopsies  represent  80  per  cent  of  the  bodies 
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that  have  passed  through  the  boaid  of  health  hiboratory  for  burial. 
The  causes  of  death  as  determined  by  autopsy  show  that  various 
forms  of  tuberculosis,  prevailing  almost  entirely  among  the  negroes, 
leads  all  other  causes,  with  80  cases.  Next  in  their  respective  order 
as  a  cause  of  death  are  the  following:  Chronic  nephritis  24,  lobar 
pneumonia  21,  external  violence  19.  Nearly  always,  in  the  negro  of 
this  list,  the  tuberculous  lesion  was  active  and  progressive  in  type, 
while  in  members  of  the  white  race  it  is  common  to  find  arrested  or 
encapsulated  foci  of  the  disease. 

Important  subsidiary  factors  found  at  autopsy  have  been  syphilis, 
malaria,  and  intestinal  lesions.  Nearly  all  cases  that  come  to  autopsy- 
have  had  a  Wassermann  test  made.  There  were  55  cases  with  a  posi- 
tive test,  and  lesions  in  the  several  others  indicated  possible  tertiary 
syphihs.  Malaria,  although  causing  death  in  but  8  cases  was  revealed 
by  pigment  in  the  pulp  of  the  spleen  or  rib  marrow,  sometimes  accom- 
panied with  the  presence  of  few  parasites  in  44  additional  cases.  A 
routine  examination  of  placental  smears  resulted  in  9  positive  cases 
out  of  194  cases  examined.  Both  the  autopsy  and  placental  results 
show  a  marked  decline  in  this  disease  and  it  also  shows  that  nearly 
all  cases  of  active  or  latent  malaria  are  in  residents  of  the  Atlantic 
end  of  the  Zone.  This  appears  to  be  indicated  also  by  the  mosquito 
census  and  hospital  admissions  for  the  disease.  The  intestinal  dis- 
eases have  also  shown  a  marked  dechne  so  far  as  the  autopsy  recoids 
can  be  taken  to  indicate  their  prevalence.  Not  a  case  of  amebic 
infection  of  intestine  or  fiver  has  occurred  in  the  present  year's  work. 
The  bacifiary  type  ot  dysentery  is  occasionaUy  found. 

Three  nonresidents  have  come  to  autopsy  as  victims  of  yellow 
fever,  but  no  plague  cases  have  been  found.  No  rabies  in  man  or 
animal  were  encountered.  Beriberi  may  have  been  present  as  the 
infantile  type  in  two  children  entered  as  cardiac  deaths. 

Four  hundred  and  ninety  surgical  specimens  were  received,  exam- 
ined, and  carefuUy  recorded.  The  detailed  findings  are  of  profes- 
sional interest  and  will  be  published  at  a  later  date. 

AOTMAL  EXAMINATIONS. 

Rats. — Fourteen  thousand  six  hundred  and  eleven  have  been  re- 
ceived from  all  parts  ot  the  Canal  Zone,  chiefly  from  the  terminal 
cities.  None,  at  autopsy,  presented  any  evidence  of  plague,  but  four 
of  them  had  extensive  pulmonary  abscess  formations  and  three  had 
large  neoplasms  of  the  sarcoma  type.  Muscle  and  intestinal  para- 
sites were  quite  commonly  found. 

Hogs. — Sixty-four  hogs  were  received  from  the  Corozal  Hospital 
farm  and  hog  cholera  diagnosed  in  41  of  them.  Diseases  of  the  respi- 
ratory and  its  accessory  systems  accounted  for  the  deaths  in  most 
other  cases. 

Coios. — Four  cows  and  2  calves  were  examined.  Two  cows  showed 
tuberculous  lesions.  The  rupture  of  a  verminous  aneurysm  killed 
one  and  the  cause  of  death  was  undetermined  in  the  fourth.  One 
calf  died  from  general  infection  due  to  an  infected  umbihcus.  The 
second  was  a  "vaccine  calf"  which  developed  a  gas-bacillus  infection 
over  the  vaccinated  area. 

Steers. — Tissues  examined  from  four  steers  that  had  died  of  anthrax. 

Rahhits. — Two  were  examined.  One  possessed  a  large  abdominal 
neoplasm  and  the  other  had  sustained  a  fracture  of  the  spine. 
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MISCELLANEOUS. 


One  hundred  and  ninety-four  placental  smear  examinations  were 
made,  and  9  were  positive  for  malaria. 

The  diagnosis  of  leprosy  has  been  estabUshed  microscopically  in 
10  cases  under  suspicion. 

Stained  smears  and  dark  field  examinations  have  been  made  in  9 
cases  of  sypliihs  and  2  cases  of  yaws. 

Number  of  Wassermanns  performed  was  6,51  S,  nearly  double  that 
of  1914-15,  due  to  the  increasing  use  of  this  test  as  a  routine  meas- 
ure of  diagnosis,  and  as  a  test  ol  the  efficiency  of  treatment. 

There  have  been  46  positive  diphtheria  cultures  during  the  year, 
mostly  sporadic  cases.  Routine  cultures  were  made  in  all  cases  of 
tonsillitis  an.d  practically  all  other  mouth  and  thi'oat  lesions. 

Bacillus  typhosus  has  been  recovered  in  blood  cultuie  from  19  cases 
and  B.  paratyphosus  from  4  cases.  Six  cases  were  taken  fiom  ships, 
6  came  fiom  the  City  of  Panama  and  its  suburbs,  and  the  rest  were 
about  equally  distributed  in  Colon  and  along  the  line. 

The  free  examination  for  Panaman  physicians  of  all  cases  of  sus- 
pected contagious  diseases  has  been  continued. 

AU  smallpox  vaccine  used  on  the  Isthmus  during  the  year  has  been 
manufactured  at  the  laboratory,  and  it  has  given  uniformly  good 
results.  It  has  been  definitely  proved  for  the  Tropics  at  least,  that 
less  trouble  immediately  after  vaccination  is  experienced  if  no  powder, 
ointment,  or  other  dressing  be  used. 

A  mosquito  census  was  begun  on  September  10,  1915,  and  wiU  be 
continued  for  a  year  for  each  collecting  station  in  the  Zone.  The 
hand  catches  of  the  mosquitoes  caught  in  barracks  and  quarters  at 
the  different  line  stations,  military  posts,  and  at  Colon  and  Cristobal, 
have  been  sent  to  the  laboratory  daily  for  classification. 

All  the  Anoyheles  were  chissified  by  species  with  the  exception  of 
those  that  were  too  badly  damaged  for  identification  and  those  were 
hsted  as  damaged  Anopheles.  All  Stegomyia  (Aedes  calopus)  were 
identified.  Mansonia  titillans  was  not  separated  from  the  Culex  at 
the  beginning  of  this  work,  but  was  classified  under  the  heading  of 
Culex  and  allied  genera  until  January,  1916 — since  which  date  they 
have  been  identified  and  counted  separately.  Aedes  taeniorhynchus 
began  its  annual  appearance  during  the  early  part  of  May,  and  all 
specimens  have  been  identified  and  separated.  When  Wyeomyia 
appeared  in  sufficient  numbers  to  make  it  worth  while,  they  were 
identified  as  a  genus. 

All  Culex,  Aedes,  and  all  other  varieties  \vith  tJie  exception  of  those 
mentioned  above  as  being  identified,  are  classed  as  Culex  and  allied 
genera. 

Since  the  beginning  of  this  work  on  September  10,1915,  up  to  and 
including  June  30,  1916,  the  total  number  of  mosquitoes  of  all  varie- 
ties examined  was  216,514.  Of  this  number  there  were  56,507 
A.  alhirnanus,  1,008  A.  tarsimaculata,  9  A.  argyntarsis,  92  A.  male- 
factor, 18  A.  apicimacula,  28  A.  pseudopunctiijennis,  1  A,  eiseni,  10,251 
damaged  Anopheles,  1,850  Stegomyia  (aedes  calopus),  40,850  Man- 
sonia titillanus,  561  Aedes  taeniorhynchus,  2  Aedeomyia  squamipennis, 
465  Wyeomyia,  36  Deinocerites,  7  Lesticocampa,  and  104,829  Culex 
and  allied  genera. 

Dipterous  lly  larva?  that  were  received  from  several  cases  of  human 
and  animal  mviasis  were  identified  and  bred  out.     The  larvae  found 
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in  tho  human  cases  were  those  of  the  ''screw  worm"  fly,  Cochliomyia 
dcsvoidyi  (chrysomyis  macellaria),  the  "blow  fly,"  Sarcophaga  sp., 
and  Dermatobia  cyaniventris.  Larvae  of  CocMiontyia  desvoidyi  and 
Sarcophaga  sp.  were  found  in  the  cases  of  animal  myiasis.  A  half 
grown  larvse  of  Dermatobia  cyanwenins  taken  from  a  man's  neck  was 
successfully  transplanted  into  tho  neck  of  a  guinea  pig. 

Experiments  have  been  carried  out  to  determine  the  toxicity  of  the 
venoms  of  some  of  tho  snakes  found  in  the  Canal  Zone.  Tlie  venoms 
of  all  snakes  that  could  be  seciu'ed  alive  wore  tested  on  guinea  pigs ; 
two  species  proved  poisonous,  the  Coral  snake,  Flaps  fuhnus,  and  the 
Erytlirolamprus  aesculapii.  The  Coral  snake,  Elapsfidvius,  was  found 
to  be  the  most  highly  venomous.  It  belongs  to  the  sub-family  Elapine 
and  is  related  to  the  cobra  found  in  the  Old  World.  Tlieir  bite  was 
found  to  be  fatal  to  all  small  animals  they  were  tested  with.  One  of 
the  smallest  specimens  secured,  16  inches  long  and  smaller  in  diam- 
eter than  a  lead  pencil,  was  venomous  enough  to  kill  a  605  gram  guinea 
pig  in  Si  hours.  One  week  later  this  same  snake  was  made  to  bite 
a  dog  weigliing  8|  poimds  and  it  died  seven  hours  later.  An  average 
sized  Coral  vrhich  is  about  22  inches  long  and  less  than  |  inch  in 
chameter  will  eject  about  2  milligrams  of  venom  at  a  bite. 

The  Erythrolamprus  aesculaph  is  red  with  black  and  white  annuli 
and  is  often  mistaken  for  the  Coral  snake,  but  as  a  rule  is  much  larger 
than  the  Coral  and  the  colored  annuli  are  arranged  differently. 
While  this  species  is  not  as  venomous  as  the  Flaps,  its  bite  is  fatal  to 
guinea  pigs,  but  requires  a  longer  time  to  produce  death.  One  speci- 
men about  33  inches  long  and  f  inch  in  diameter  required  about  3 
days  to  produce  death  in  a  guinea  pig  weighing  524  grams. 

Specimens  of  Oxybelis  accuminatus,  Pseudoboa  neuwedii,  Spilotes 
pullatus,  and  three  unidentified  snakes  were  tested,  but  their  bite 
produced  no  noticeable  effect. 

Colon  Hospital. 

The  new  hospital  and  dispensary  building  was  completed  and 
turned  over  for  occupancy  on  May  16,  1916.  Tlie  building  has  been 
found  quite  satisfactory  for  its  purpose.  A  new  storehouse  of  rein- 
forced concrete,  situated  just  south  of  the  service  building  and  sepa- 
rated from  it  by  a  service  road  now  under  construction,  is  practically 
completed  and  ready  for  occupancy. 

The  plans  for  a  reinforced  concrete  garage,  morgue,  and  a  four- 
family  type  B  house  for  use  of  physicians,  have  been  prepared  and 
work  of  construction  will  be  begun  shortly. 

Tlie  present  quarters  for  nm'ses  in  a  section  of  the  old  hospital 
building,  are  not  satisfactory.  Estimates  will  be  submitted  for  your 
approval,  for  the  construction  of  a  new  concrete  building  for  the 
nurses,  during  the  coming  fiscal  year. 

Detailed  statistics  are  shown  in  Table  XIX. 

Palo  Seco. 

The  number  of  patients  at  the  Leper  Asylum  is  constantly  in- 
creasing; there  were  56  at  the  beginning  of  the  year  and  65  at  the 
close;  there  were  13  admissions  and  4  deaths.  As  additional  accom- 
modations are  necessary,  a  new  ward  building  has  been  authorized 
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and  tlie  work  begun;  the  entire  labor  is  to  be  furnislied  by  the  leper 
inmates. 

Diu'ing  tho  year  the  dining  room  was  enlarged  to  twice  its  original 
length,  making  it  a  suitable  congregating  place  for  the  patients  in 
Vv^hich  entertainments  can  be  given.  The  space  mider  the  dining 
room  was  graded,  given  a  concrete  floor,  and  inclosed  for  use  as  a 
recreation  hall;  it  is  screened  in,  furnished  with  small  tables,  and  sup- 
plied with  games  and  a  small  library  of  books  in  English,  Spanish, 
and  French,  and  with  magazines  and  daily  papers.  These  facilities 
have  added  greatly  to  the  comfort  and  pleasure  of  the  patients. 
Many  contributions  of  boolvs  and  magazines  by  outside  friends  were 
received,  and  much  appreciated. 

Telephone  connection  with  Balboa  was  established  during  the  year, 
which  greatly  facilitates  the  transaction  of  business.  Electricity 
was  introduced  during  the  year  by  extending  the  line  from  the 
channel  light  near  Farfan  Beach;  all  buildings  were  wired  and  lights 
placed  in  each  room;  12  street  lights  were  installed  also.  This  has 
not  only  proved  an  economy,  but  it  has  diminished  risk  from  fire. 
A  new  15-horsepower  electric  motor  and  pump  for  lifting  water  to 
the  supply  tanks  w^as  installed  during  the  year;  connections  were 
made  also  by  which  pumpmg  may  be  done  direct  to  the  mam  line  or 
buildings,  in  case  of  fire.  The  pump  in  general  has  operated  satis- 
factorily. 

An  extension  of  960  feet  was  made  to  the  present  sewer  line  during 
the  year,  carrying  the  line  away  from  the  beach  to  the  southwest  and 
out  beyond  the  last  reef  from  the  asylum  proper,  which  allows  the 
sewage  to  be  discharged  about  1,200  feet  from  the  beach  at  low  tide. 

A  3i-horsepower  Evinrude  detachable  motor  was  purchased  during 
the  year,  with  which  the  asylum  was  able  to  establish  a  daily  service 
to  and  from  Balboa,  carrying  necessary  supplies  for  the  institution, 
thus  limiting  the  amount  of  launch  service  formerly  required  from 
the  marine  division.  Formerly  the  expense  for  launch  service  during 
the  month  amounted  to  about  one-tenth  of  the  total  monthly  expense 
of  the  asylimi;  the  present  cost  of  operation  amounts  to  about  $41 
per  month. 

Nearly  all  the  male  patients  desired  to  do  planting  this  year,  and 
suitable  ground  was  allotted  to  each  patient  for  the  purpose.  About 
40  acres  were  thus  allotted;  25  acres  are  planted  in  corn;  other 
crops  planted  were  yucca,  otoy,  plantains,  and  yams.  The  products 
of  these  cultivated  areas  are  sold  by  the  patients  to  the  mess  of  the 
institution. 

Detailed  statistics  are  shown  in  Table  XX. 

Santo  Tomas  Hospital. 

The  number  of  patients  requiring  treatment  continues  to  increase 
and  the  institution  is  now  overcrowded.  The  average  number  of 
patients  constantly  sick  was  451.92  as  compared  with  441.57  for  the 
previous  year.  The  number  of  days  relief  furnished  patients  was 
165,402  as  compared  with  161,174  the  previous  year. 

Separate  provision  should  be  made  for  the  large  number  of  cases 
of  tuberculosis  now  under  treatment  in  Santo  Tomas  Hospital.  If 
tubercular  cases  were  treated  in  a  separate  institution  the  accommo- 
dations for  other  cases  would  be  suflicient^ 

Detailed  statistics  arc  sho^vn  in  Table  XXI. 
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District  Dispensaries. 

T\vo  liiie  dispensaries  were  closed  during  the  year,  namely,  Corozal 
and  Naos  Island,  leaving  5  at  the  close  of  the  year — not  including  the 
dispensaries  at  Ancon  and  Colon  Hospitals.  All  dispensaries  have 
district  physicians  with  the  exception  of  Gamboa  stockade,  where  a 
male  nurse  is  stationed  and  medical  attendance  is  furnished  from  the 
Pedro  Miguel  dispensary. 

The  average  weekly  percentage  of  admission  rates  from  malaria 
from  the  various  districts,  for  the  year,  was  as  follows: 

Gatun,  0.319;  Cristobal,  0.140;  Ancon-Corozal,  0.104;  Paraiso, 
0.090;  Pedro  Miguel,  0.084;  Culebra-Empire  (west  of  canal),  0.079; 
Balboa  0.062. 

Medical  Storehouse. 

A  fireproof  room  was  built  in  the  medical  storehouse  to  provide  for 
the  protection  of  case  histories  and  hospital  cards  against  fire  until 
such  time  as  they  are  transferred  to  the  permanent  chart  room  in 
the  proposed  administration  building  of  Ancon  Hospital. 

There  has  been  no  change  in  organization  or  operation  worthy  of 
note  during  the  year.  Value  of  drugs  and  miscellaneous  expendable 
supphes  issued  during  the  year  was  $33,933.14. 

SANITATIOlir. 
CANAL   ZONE. 

The  total  cost  of  the  division  in  1916  was  $175,317.83,  as  compared 
with  $130,867.07  for  1915.  The  per  capita  cost  of  Zone  sanitation 
proper  per  day,  based  on  the  number  of  employees,  was  $0,015,  as 
compared  with  $0,008  for  1915. 

During  the  past  year  the  work  of  this  division  has  been  carried  on 
along  the  usual  lines  covering  antimoiaria  work,  the  destruction  of 
rats,  the  inspection  of  all  residence  districts  in  the  Zone,  and  the 
inauguration  of  measures  for  the  correction  of  unsanitary  conditions 
wherever  practicable.  The  district  sanitary  inspectors  also  arrange 
for  the  disposition  of  the  bodies  of  the  dead,  in  this  respect  acting  as 
undertakers. 

The  experience  of  the  past  years  has  demonstrated  that  extensive 
work  must  be  constantly  maintained  in  and  around  residence  dis- 
tricts to  protect  employees  from  malaria,  and  it  is  found  that  in  the 
districts  at  the  north  end  of  the  canal  where  the  Anopheles  albimanus 
mosquito  is  the  one  most  commonly  found,  the  work  thus  far  done 
has  controlled  the  development  of  malaria  only  in  a  lunited  degree, 
though  the  number  of  cases  reported  is  continually  decreasing.  On 
the  other  hand,  the  districts  south  of  G^amboa  have  relatively  few 
malaria-bearing  mosciuitoes  and  are  consequently  comparatively 
free  from  malaria.  The  decrease  m  the  number  of  admissions  of 
employees  to  sick  report  for  malaria  on  the  Zone,  exclusive  of  the 
terminal  cities,  is  shown  by  the  following  figures: 
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The  transition  from  the  period  of  canal  construction  to  that  of 
canal  operation  is  being  accomplished  gradually  and  results  in  greater 
permanency  in  locations  in  which  employees  work  and  have  their 
homes,  wiiich  in  turn  makes  it  possible  for  this  division  to  install 
much  work  of  a  permanent  character,  which  was  impossible  during 
the  construction  period,  and  which  serves  the  double  purpose  of 
eliminating  depressions  which  hold  water  and  of  preparing  the  area  for 
grass  cutting  by  the  mowing  machines,  thereby  greatly  reducing  the 
expense  of  maintenance.  Tliis  work  can  be  advantageously  pushed 
until  ample  facilities  are  provided  to  take  care  of  the  surface  water 
in  and  about  our  residence  districts,  so  that  these  areas  will  be  prac- 
tically free  from  stagnant  water  or  water  containing  vegetable  growths 
which  favor  the  development  of  mosquitoes.  It  is  rougldy  estimated 
that  about  one-third  of  the  work  of  tliis  natm-e  which  the  districts 
require  was  accomplished  during  the  past  year,  and  plans  have  been 
made  for  the  continuance  of  the  work  during  the  coming  year. 

The  completion  of  the  canal  and  the  consequent  influx  of  ships  to 
our  terminal  ports  greatly  increases  the  opportunities  for  contamina- 
tion of  the  Zone  by  plague-infected  rats.  It  is  weU  known  that  rat 
plague  is  endemic  in  many  of  the  ports  from  which  these  ships  come. 
This  division  employs  men  to  destroy  rats  by  all  means  possible  and 
in  all  places  but  especially  along  water  frontage.  The  bodies  of  all 
rats  found  are  sent  to  the  board  of  health  laboratory  for  examination 
for  plague  infection,  and  thus  far  no  plague  has  been  found.  In  view 
of  the  almost  inestimable  value  of  this  freedom  from  rat  plague  to 
the  Canal  Zone  and  in  consideration  of  the  risk  of  infection  which 
increases  with  the  nmnber  of  ships  handled  by  the  canal,  it  is  regarded 
as  highly  important  that  the  work  of  rat  proofing  our  water  frontage 
be  vigorously  pushed  and  that  old  wooden  construction  which  can 
not  be  rendered  rat  proof  be  eliminated  along  the  entire  length  of 
the  canal. 

The  breeding  of  flies  has  been  considerably  limited  in  the  residence 
districts  by  careful  house-to-house  inspection,  but  this  division  has 
been  hampered  in  this  work  by  the  continued  maintenance  of  old 
stables,  especially  in  the  Balboa  district,  and  by  the  crude  garbage 
incinerator  in  use,  in  which  complete  consumption  of  garbage  is  diffi- 
cult, especially  during  heavy  rains.  The  construction  of  modern 
stables  is  under  way,  and  the  erection  of  a  good  incinerator  will  be 
commenced  in  the  near  future.  This  should  result  in  a  great  improve- 
ment of  conditions  so  far  as  fly  breeding  is  concerned. 

The  number  of  sanitary  districts  into  which  the  Zone  is  divided 
was  decreased  by  one  when  Corozal  was  turned  over  to  the  military 
forces,  though  the  upkeep  of  only  about  one-third  of  the  sanitary 
district  of  Corozal  was  assumed  by  the  troops.  The  remaining  two- 
thirds  of  the  district  was  added  to  Ancon  district,  and  the  district 
sanitary  inspector  of  Ancon  district,  whose  duties  include  the  super- 
intendence of  the  larvacide  factory,  was  given  the  sanitary  inspector 
previously  allotted  to  Corozal  as  his  assistant.  The  successful  opera- 
tion of  the  large  sanitary  districts  with  the  present  force  of  inspectors 
is  made  possible  only  by  the  fact  that  the  inspectors  at  present 
employed  have  been  thoroughly  acquainted  with  the  methods  of 
work  employed  on  the  Canal  Zone  and  with  the  characteristics  of 
their  districts  for  a  long  period  of  years,  and  we  are  able  to  handle 
much  more  territory  than  men  new  to  the  work  and  the  country 
would  be  able  to  manage.     Until  maintenance  work  is  reduced  by 
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the  installation  of  the  permanent  drainage  measures  referred  to  al)ove 
or  the  area  to  be  cared  for  is  decreased,  reduction  of  the  force  of 
inspectors  on  Zone  sanitation  can  not  be  consistently  made. 

PANAMA. 

Several  sanitary  ordinances  for  the  terminal  cities,  referred  to  in  the 
last  annual  report,  have  not  yet  been  pubhshed  in  the  Official  Gazette, 
though  the  subject  of  much  correspondence  with  the  Panama  Gov- 
ernment. Recently  the  matter  has  been  taken  up  tlu'ough  the  State 
Department,  and  it  is  hoped  the  desired  end  will  be  accomplished,  for 
it  is  important  that  these  ordinances  be  made  effective  without 
furtlier  delay. 

DISEASES. 

Malaria. — There  has  been  a  great  reduction  in  the  number  of  cases 
of  malaria  among  employees  of  The  Panama  Canal  and  Panama 
Railroad  sent  to  Ancon  Etospital  from  Panama,  there  being  only  68 
such  admissions  during  the  year  as  against  589  for  the  preceding  year. 
Almost  without  exception  employees  suffering  with  malaria  are 
admitted  to  Ancon  Hospital,  which  enables  us  to  have  a  correct  check 
at  all  times  on  the  incidence  of  malaria  among  employees  in  the  city. 
The  number  of  employees  living  in  Panama  approximates  10,000. 

In  order  to  accomplish  the  above  successful  results,  it  has  been 
necessary  to  maintain  approximately  30  miles  of  ditches  for  di-ainage 
purpose.  This  low  malarial  rate  can  only  be  obtained  by  constant 
watchfulness  on  the  part  of  a  force  of  competent,  well-trained  sanitary 
inspectors,  with  ample  equipment  and  material  for  carrying  on  their 
work.  There  will  always  be  some  cases  of  malaria  in  the  city  on 
account  of  the  fact  that  there  are  a  number  of  infected  districts  Iving 
just  outside  the  Hmits  of  our  work,  such  as  Savannas,  Juan  Diaz, 
Old  Panama,  etc.,  to  which  places  the  public  can  not,  of  course,  be 
restricted  from  visiting;  and  this  results  in  the  occurrence  of  a  small 
percentage  of  cases. 

There  has  been  a  very  considerable  growth  m  the  area  of  the  city 
during  tlie  past  fiscal  year,  which  is  extending  eastward  out  toward 
the  Savannas,  away  from  the  Canal  Zone.  This  has  necessitated  our 
extending  our  antimosquito  work  out  in  that  direction  to  include 
the  newly  developed  sections  of  the  exposition  grounds  and  Bella 
Vista.  Up  to  the.present  the  cost  of  the  work  of  instalhng  and  main- 
taining drainage  ditches  at  these  two  places  has  been  borne  by  the 
Government  of  Panama  and  the  Panama  Land  &  Development  Co., 
the  owners  of  the  two  districts. 

Tuberculosis. — The  prevalence  of  tuberculosis,  which  has  been  com- 
mented upon  in  previous  reports,  remains  unabated,  and  it  is  lioped 
that  means  will  be  available  during  the  ensuing  year  for  undertaking 
the  work  against  this  disease  on  a  more  extended  scale. 

From  the  total  numbw  of  deaths  from  all  forms  of  tuberculosis,  it 
has  been  found  that  in  Panama  City  there  exists  a  rate  of  465  per 
100,000.  This  is  considerably  higher  than  the  average  rate  among 
the  negro  population  of  the  larger  southern  cities  in  the  United 
States,  and  is  more  than  three  times  as  great  as  for  the  registration 
area  of  the  United  States  during  1914,  which  was  146.8  per  100,000 
population. 

From  the  number  of  deaths  recorded,  a  conservative  estimate 
would  show  that  there  are  over  1,000  ambulant  untreated  cases  in 
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the  city,  and  until  an  institution  can  be  erected  and  maintained  for 
the  scientific  care  of  a  majority  of  these  cases  there  is  but  little  hope 
for  an  improvement  in  conditions. 

Typlioid. — A  total  of  12  cases  of  typhoid  fever  were  reported  which 
were  actually  chargeable  to  the  City  of  Panama,  of  Vv^hich  number  6 
cases  terminated  fatally.  None  of  these  cases  were  directly  traceable 
to  any  particular  source. 

Scarlet  fever. — No  cases  of  scarlet  fever  were  reported  during  the 
year. 

Diplitheria. — There  were  23  cases  of  diphtheria  reported  during  the 
year,  of  which  3  were  fatal.  Numerous  cultures  v/ere  taken  m  sus- 
pected cases,  prompt  investigation  being  made  of  every  report. 

Measles. — There  were  366  cases  of  measles  reported  during  the 
year,  with  1  death.  The  epidemic  of  this  disease  reported  in  the 
annual  report  for  1915  reached  its  height  in  August,  when  there  were 
241  cases  reported,  and  declined  rapidly  thereafter. 

Mumps,  wliooping  cougJi,  and  cMcken  pox.—dxses,  of  these  diseases 
have  been  reported  as  occurring  from  time  to  time,  which  were  iso- 
lated when  practicable.  There  has  been  a  perceptible  increase  in  the 
number  of  reported  cases  of  chicken  pox  in  the  past  three  months, 
and  undoubtedly  many  mild  cases  have  not  been  reported  to  this 
office.  Reported  cases  of  chicken  pox  were  seen  in  order  to  confirm 
the  diagnosis. 

Vaccination. — During  the  year  2,409  vaccinations  were  performed, 
chiefly  among  the  school  children.  Reexamination  shows  that  about 
90  per  cent  of  this  number  were  successful  "takes"  and  no  serious 
infections  occurred. 

GENERAL   SANITATION. 

The  usual  routine  work  of  house  inspection  by  the  district  sanitary 
inspectors  with  their  gangs  has  been  carried  on.  The  number  of 
nuisance  notices  served  and  nuisances  abated  has  increased  from  a 
monthly  average  of  200  during  the  fiscal  year  1915  to  400  during  the 
year  just  finished. 

MOSQUITO   WORK. 

In  pursuing  the  house  inspections  we  find  that  inspectors  discov- 
ered and  destroyed  on  an  average  279  deposits  of  mosquito  larva3  per 
month.  Of  these,  the  stegomyia  breeding  places  have  averaged  143 
per  mbntji.  This  emphasizes  the  importance  of  maintaining  this 
work,  as  lessened  care  m  this  respect  would  increase  the  liability  of  an 
epidemic  sliould  any  undiscovered  cases  of  yellow  fever  gain  an 
entrance  to  the  city. 

Some  stegomyia  breeding  was  encountered  at  the  public  dump  in 
the  thousands  of  old  cans,  etc.,  found  there,  and  this  was  eliminated 
through  flattening  and  burying  old  tins  and  careful  oiling  of  all  sus- 
pected places. 

Stegomyia  breeding  was  also  encountered  in  the  swimming  pool  of 
the  gymnasium  of  the  National  Institute.  Tliis  was  notc^d  during 
vacation,  when  the  pool  had  been  undisturbed  for  some  time.  The 
pool  was  drained  and  cleaned,  after  which  no  further  trouble  was 
experienced. 

Introduction  of  mosquitoes  to  the  city  by  railroad  and  street  cars 
from  districts  in  which  no  antimosc^uito  work  is  being  done  was  noted. 
Practically  all  of  these  were  of  a  harmless  type  of  culcx. 
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RAT  DESTRXTCTION. 

Efforts  toward  the  complete  rat-proofing  of  all  buildings  in  the  city- 
are  being  carried  on  continually,  and  it  is  hoped  to  obtain  this  result 
during  tlie  coming  year.  The  methods  in  vogue  by  this  office  arc 
those  which  met  with  such  success  in  the  cities  of  San  Francisco,  New 
Orleans,  and  Habana,  wliere  in  recent  years  the  occurrence  of  plague 
has  been  stamped  out  through  repairs  to  houses  in  such  a  way  as  to 
eliminate  all  possibility  of  rat  harbors. 

The  montlily  catch  of  rats  throughout  the  city  has  averaged  779 
rats  per  month,  the  work  of  trapping  being  carried  on  by  the  mspec- 
tors  in  connection  with  their  regular  routine.  All  rats  caught  are 
sent  to  the  laboratory  for  inspection  for  plague  infection  and  none 
were  reported  infected. 

This  IS  one  of  the  most  important  features  of  prevention  work  mam- 
tained  by  the  health  department.  As  tlie  rats  are  trapped  and  sent 
to  the  laboratory  they  are  labeled,  so  that  if  an  infected  rat  is  found 
this  office  can  at  once  locate  the  focus  of  the  plague  infection  and 
institute  the  measures  necessary  to  prevent  the  spread  of  the  disease. 

FLY   PREVENTION. 

An  average  of  122  fly-breeding  places  per  month  have  been  discov- 
ered during  the  fiscal  year  by  the  inspectors  in  their  routme  work. 
These  places  were  destroj^ed  by  the  application  of  larvacide,  and  the 
attention  of  the  persons  in  charge  of  the  property  where  found  was 
directed  to  the  occurrence. 

By  gaining  the  cooperation  of  the  residents  of  the  city,  considerable 
improvement  in  conditions  in  this  regard  has  been  noted.  Trapping 
of  flies  on  an  ext.ensive  scale  was  carried  on  by  this  office  in  various 
parts  of  the  city,  and  no  less  than  328  quarts  of  flies  were  destroyed  in 
this  manner.  It  has  been  found  that  there  is  an  average  of  13,000 
flies  to  the  quart;  this  accounts  for  the  destruction  of  4,265,000  adult 
flies  destroyed  by  trapping  during  the  year.  This  lessens  the  presence 
of  flies  per  capita  considerably. 


During  the  year  the  Panama  Railroad  Company  completed  its 
public  stables  on  B  Street,  which  were  constructed  along  Imes  to 
limit  the  occurrences  of  the  nuisances  so  frequently  found  at  such 
establisliments,  with  particular  reference  to  the  occurrence  of  fly 
breeding  and  rat  infestation. 

This  is  one  of  the  most  important  sanitary  accomplishments  during 
the  year  as  it  made  possible  the  elimination  of  a  large  number  of 
dirty,  ill-kept  stables  in  the  most  congested  portions  of  the  city. 

At  the  same  tune  sanitary  stalls  for  horses  may  be  obtained  for  a 
nominal  sum,  which  the  owners  of  animals  do  not  find  burdensome 
and  the  city  receives  the  benefit  of  the  segregation  of  these  establish- 
ments to  certain  defined  districts. 

BUILDING   INSPECTION,    CONSTRUCTION,  AND   REPAIR. 

The  following  summary  shows  the  work  accomplished  in  the  line 
of  building  construction  and  repair  during  the  year: 

Buildings  inspected,  64,342;  plans  approved,  228;  repair  permits 
issued,   1,004;  buildings  demolished,  53. 
63503°— 16 37 
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Under  the  head  of  buildings  inspected  is  included  the  weekly 
routine  inspections  made  by  the  district  inspector,  whereby  each 
inspector  visits  each  house  in  his  district  at  least  once  each  week. 

SIDEWALKS. 

Property  owners  are  required  to  keep  the  sidewalks  adjacent  to 
their  property  in  good  repair,  clean,  and  free  from  obstructions.  In 
the  course  of  repairs,  many  sidewalks  have  been  regraded  with  a  view 
to  presenting  a  safer  and  more  comfortable  walking  surface. 

FOOD   INSPECTION. 

Under  this  heading  is  included  the  various  establishments  for  the 
production  and  handling  of  food  stuffs,  of  which  we  find  at  present 
in  the  city  the  following: 

Twenty-two  bakeries,  30  hotels,  42  restaurants,  5  clubs,  25  bottling 
works,  33  dairies,  and  65  milk  vendors. 

Regular  inspections  are  made  of  all  these  establishments,  and  below 
is  given  a  summary  of  the  work  accomplished: 

Bakeries  inspected 242 

Hotels,  clubs,  and  restaurants  inspected 260 

Bottling  works  inspected 100 

Dairies  inspected 314 

Milk  samples  taken 201 

Miscellaneous  inspections 632 

Notices  served 619 

In  the  prosecution  of  this  work  various  foodstuffs,  such  as  meats, 
fish,  milk,  flour,  vegetables,  fruits,  etc.,  have  been  found  unfit  for 
human  consumption,  condemned,  and  destroyed.  Special  effort  has 
been  made  to  improve  the  standard  of  dairies,  and  considerable  in- 
struction was  given  in  the  proper  methods  of  handling  and  produc- 
tion of  milk. 

The  chemical  examination  of  specimens  of  milk  from  the  dairies 
of  Panama  and  its  vicinity  (as  weU  as  of  Colon),  which  is  made  at 
the  board  of  health  laboratory,  has  shown  these  milks  to  be  with 
very  few  exceptions  of  a  quality  considerably  better  than  that  pre- 
scribed by  law.  Specimens  of  confectionery  taken  from  the  esta))- 
lishments  manufacturing  them  in  Panama  were  also  examined  by  the 
board  of  health  laboratory,  and  found  to  be  free  from  adulteration 
and  from  any  substance  likely  to  prove  injurious  to  health. 

STREET   CLEANING    AND    SPRINKLING. 

Experience  has  shown  that  the  present  system  of  cleaning  the 
streets  by  handwork  is  the  most  economical,  therefore  the  methods 
are  the  same  as  heretofore.  A  man,  equipped  with  broom,  shovel, 
and  push  cart,  is  assigned  a  certain  section  of  street  area  and  required 
to  keep  that  clean  at  aU  times;  he  collects  and  deposits  the  sweepings 
as  he  goes  along,  and  in  this  way  it  is  possible  for  one  man  to  clean 
his  street  area  several  times  during  a  working  day. 

During  the  dry  season  two,  and  sometimes  three,  street  sprinklers 
are  required  to  keep  the  dust  down,  and  during  the  raifiy  season  this 
sprinkler  is  so  little  required  that  only  in  the  shopping  district  is 
it  necessary  to  sprinkle  the  streets  at  times. 
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GARBAGE    COLLECTION    AND   DLSPOSAL. 


An  average  of  5,000  loads  of  garbage  of  all  kinds  is  collected  per 
mouth,  approximating  9,000  cul>ic  yards.  This  includes  house  gar- 
bage, rubbish,  refuse,  stable  manure,  etc.,  all  of  which  is  hauled  to 
the  public  dump  for  disposal. 

This  method  of  disposal  is  unsatisfactory,  being  attended  by  the 
occurrence  of  very  serious  nuisances.  It  has  been  found  that  the  pub- 
lic dump  is  our  most  prolific  breeder  of  rats,  flies,  and  sfegomyia 
mosquitoes.  Constant  watclifulness  has  to  be  exercised  to  keep 
these  at  a  minimum. 

The  erection  of  a  modern  incinerating  plant  for  the  destruction 
of  garbage  and  refuse  is  an  urgent  necessity.  Another  necessity  is 
the  installation  of  a  compost  pit  for  treating  manure  with  a  view  to 
making  it  available  for  fertilizer  and  at  the  same  time  obviating  the 
possibility  of  fly  breeding. 

All  property  owners  are  required  to  maintain  a  sufficient  number 
of  garbage  cans  at  their  buildings  for  the  use  of  tenants,  and  this 
office  has  undertaken  to  provide  these  cans  with  suitable  covers, 
either  metal  or  wooden,  as  may  be  most  advantageous.  These  cans 
are  sold  to  the  public  at  a  price  sufficient  to  cover  their  cost  plus 
handling  expenses. 

COLON. 

The  prime  objective  for  the  year  has  been  the  general  amelioration 
of  health  conditions,  laying  particular  emphasis  upon  antimalarial 
measures.  The  total  number  of  cases  of  malaria  reported  for  the 
last  six  months  of  the  present  fiscal  year  was  52,  as  compared  with  99 
for  the  last  six  months  of  the  preceding  fiscal  year,  which  is  the 
period  available  for  ready  comparison,  as  it  was  then  that  the  system 
of  summarizing  separately  the  reports  on  communicable  diseases  was 
put  into  operation.  The  reduction  in  malaria  has  been  obtamed  by 
the  complete  elimination  of  anoflieles  breeding  on  ManzaniUo  Island, 
in  Colon  and  Cristobal  proper,  by  a  combination  of  ditching  and  filling 
certain  areas  previously  characterized  by  persistent  breeding  (especially 
around  the  Radio  Station  and  the  Panama  Railroad  corral  in  Colon, 
and  Camp  Bierd  in  Cristobal),  as  weU  as  by  increasing  the  number  of 
weekly  inspections  of  each  area  and  of  oiling  the  same  when  neces- 
sary, and  also  by  the  hydraulic  fills  made  near  Pier  No.  13,  and  the 
dry  fills  at  Mount  Hope.  The  area  of  inspection  and  oiling  was  also 
extended  in  June,  1916,  in  the  Momit  Hope  district  to  include  some 
previously  unworked  territory,  as  the  health  office  was  convinced  that 
these  areas  were  a  source  of  adult  anopheles  found  around  the  dry 
dock  and  at  Camp  Bierd.  The  work  was  also  extended  on  Mindi 
Island  and  around  the  Arcia  dairy  pastures  for  the  same  reason. 

The  plan  of  following  up  reports  of  cases  of  malaria  by  an  investi- 
gation either  by  the  health  officer  or  a  sanitary  inspector,  which  was 
inaugurated  this  year,  has  produced  admirable  residts  in  helping  to 
localize  responsibility.  A  number  of  cases  have  shown  the  incidence 
of  mosquitoes  in  outlying  districts,  notably  the  Manajal  plantation, 
and  at  Las  Minas. 

GENERAL   SANITATION. 

The  same  routine  methods  of  inspection  of  the  district  prevailed 
as  for  the  preceding  fiscal  year,  i.  e.,  the  entire  district  of  Colon-Cris- 
tobal-Mount Hope  is  made  up  of  fom'  divisions,  each  presided  over 
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hj  a  sanitary  inspector;  eacli  inspector  has  a  working  gang  inider 
his  charge  whose  worlv  is  the  destruction  of  mosquito  and  fly  larvse, 
inspection  of  buildings,  yards,  and  parks;  the  removal  of  garbage 
and  rubbish  from  premises  and  placmg  it  upon  wagons;  the  exam- 
ination of  closets,  sinks,  and  sewer  traps,  and  the  regular  inspec- 
tion of  the  city's  shore  line.  Inspectors  also  inspect  piers, 
shops,  markets,  bakeries,  ice-cream  parlors,  cantinas,  bottling  works, 
stores,  stables,  gardens,  and  abattoirs.  It  is  the  function  of  an 
inspector  to  serve  notices  against  nuisances,  and  report  cases  for 
penalt}^  and  to  appear  as  witness  against  offenders  against  the 
sanitary  code;  he  assists  the  health  officer  in  the  investigation  of 
communicable  diseases  and  establishes  quarantine  where  it  is  ad- 
visable. One  inspector  is  conversant  with  disinfection  and  is  espe- 
cially charged  with  this  work,  which  has  been  applied  almost  exclu- 
sively in  tuberculosis  cases  during  the  past  year,  A  highly  important 
duty  of  inspectors  is  educational  in  its  bearing  and  has  to  do  with 
explanation  of  regulations  and  public-health  problems.  This  is 
incidental  to  their  other  work  which  carries  them  constantly  into 
houses  of  the  people  and  brings  them  into  frequent  personal  relation- 
ship with  the  individual  population, 

:mosquito,  rat,  and  fly  work. 

Especial  activities  were  inaugurated  for  the  eUmination  of 
stegomyia  in  the  cities  of  Colon  and  Cristobal,  The  public  was 
advised  through  the  press  and  circulars  with  reference  to  the  habits 
and  breeding  places  of  these  mosquitoes,  and  exhaustive  examina- 
tions were  carried  on  by  the  health  inspectors  with  the  view  of  their 
elimination.  It  is  of  interest  to  note  that  no  stegomyia  breeding 
was  found  except  in  the  containers  at  the  Colon  dump,  where  special 
measures  were  taken  for  its  control. 

The  reduction  of  other  species  of  mosquitoes  has  been  noticeable, 
due  to  the  large  amount  of  permanent  work  that  has  been  accom- 
plished in  the  marsh  lands  of  Mount  Hope,  The  catching  of  adult 
mosquitoes  has  been  carried  on  daily,  and  the  use  of  the  glass  ''flight 
detector"  was  of  utihty  in  helping  to  establish  the  source  of  anoplieles 
coming  into  Colon,  Crab  holes  have  been  oiled  on  an  extensive 
scale,  to  control  breeding  from  this  source. 

Rat  infestation  is  at  a  low  point.  Trapping  has  been  effectively 
carried  out,  and  it  is  noteworthy  that  the  use  of  oil  of  anise  seems  to 
render  the  ordinary  bait  more  attractive  to  these  animals.  Food 
boxes  in  stables  were  required  to  be  metal  lined  against  rats,  and  the 
fowl  coops  also. 

Colon  has  long  been  noted  for  its  relative  freedom  from  flics, 
caused  largely  by  the  concentration  of  stables  into  defined  places 
and  the  prompt  removal  of  manure,  the  use  of  larvacide  to  kill 
adults  and  to  obviate  small  breeding  places  dilhcult  or  impossil)le  to 
treat  otherwise,  and  the  rigorous  elimination  of  rubbish.  Careful 
attention  to  abattoirs,  to  the  storage  of  hides  and  horns,  and  to  all 
special  trades  likely  to  favor  fly  breeding  has  also  helped  toward 
this  consummation. 

POOD  INSPECTION. 

A  complete  physical  examination  of  all  bakers  was  completed  dur- 
ing May,   and  health  certificates  were  issued.     No  one  without  a 
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certificate  is  allowed  to  ply  his  trade.  Four  new  concrete  hukeries 
were  built  to  replace  okl  ones  destroyed  by  the  fire  of  April,  1915, 
and  these  are  a  great  improvement  over  the  former  ones.  Structural 
repairs  were  required  in  others,  and  still  others  arc  pending.  Some 
bakeries  were  necessarily  overworked  as  a  result  of  the  fire  and  could 
not  be  remodeled  conveniently  until  the  congestion  was  reheved 
by  the  rebuilding  of  the  city.  A  number  of  restaurants  were  made 
to  conform  to  the  sanitary  regulations.  Street  vendors  of  food- 
stuft's  have  received  especial  attention,  being  required  to  keep  their 
wares  under  appropriate  protective  devices. 

SCHOOL   INSPECTION. 

An  inspection  of  the  Canal  Zone  school  buildings  was  made  befor® 
the  session  opened,  and  recommendations  were  made  for  the  cor- 
rection of  such  defects  having  a  sanitary  bearing.  Where  indicated, 
the  disinfection  of  schoolbooks  v/as  made  before  they  were  issued  to 
the  pupils. 

The  cooperation  of  the  principals  of  the  schools  was  obtained  in 
the  matter  of  reporting  suspected  cases  of  infectious  disease  and  in 
regard  to  the  vaccination  of  pupils. 

No  school  epidemic  has  occurred,  and  the  general  health  of  the 
school  population  has  been  excellent. 

STKEET    CLEANING. 

The  work  of  the  health  department  in  this  line  was  heavily  aug- 
mented by  the  rebuilding  of  the  city,  following  the  fire  of  April,  1915, 
and  the  debris  incident  thereto.  A  new  departure  from  the  practice 
previouisy  obtaining  was  inaugurated  in  the  collection  of  this  debris. 
Instead  of  waiting  mitil  construction  or  repairs  on  a  building  were 
completed  to  have  rubbish  removed,  its  removal  is  now  required 
as  soon  as  a  haK-wagon  load  accumulates,  which  keeps  the  streets 
freer  of  obstruction. 

The  oihng  of  the  streets  with  crude  oil  once  in  a  season  has  been 
attended  with  good  results  in  allaying  dust  and  producing  a  condi- 
tion of  the  surface  coating  not  unUke  asphalt. 


GARBAGE    HEMGVAL. 


This  work  has  increased  considerabh^,  due  to  the  arrangement 
made  by  the  health  office  for  the  proper  handUng  and  disposal  of 
ship's  garbage.  All  ships  w'ere  provided  garbage  cans  for  the  deposit 
of  refuse.  The  cans  are  daily  assembled  in  a  nuisance-proof  garbage 
shed  conveniently  situated  to  the  docks,  and  the  material  subse- 
quently removed  by  wagon  transportation  to  Colon  dump  for  incin- 
eration. 

A  modification  of  the  standard  stand  for  garbage  cans  in  use  here 
for  several  years  has  been  made  by  using  a  concrete  base  and  metal 
cover;  this  is  more  easily  kept  clean  and  is  more  durable. 


BUILDINGS. 


The  construction  of  concrete  buildings  in  the  burned  area  of  Colon 
has  progressed  rapidly  and  181  have  been  completed.  The  build- 
ings provided  housing  facilities  for  the  fire  refugees,  and  in  conse- 
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quence  the  refugee  camp  was  abandoned  during  the  month  of  Octo- 
ber, 1915.  Two  hundred  and  nmety-seven  tents  and  forty-three  box 
cars  that  were  occupied  by  refugees  were  vacated  and  the  wash- 
houses  and  range  closets  removed.  The  health  conditions  of  this 
camp  throughout  the  entire  six  months'  duration  were  veiy  satis- 
factory; with  the  exception  of  four  cases  of  malaria  and  an  equal 
number  of  mumps  and  measles,  no  sickness  prevailed.  Measures 
for  improving  the  camp  site  and  restoring  the  parkway,  E  Street, 
have  been  completed. 

NOTIFIABLE    DISEASES. 

The  plan  of  requiring  a  report  on  communicable  diseases  from 
physicians  and  hospitals,  and  following  up  these  cases,  has  been 
maintamed.  It  is  noteworthy  that  during  six  months  of  this  fiscal 
year,  as  compared  with  the  same  six  months  of  the  last  year,  the 
number  of  these  cases  was  161  against  319. 

GENERAL. 

Permanent  improvements  having  a  sanitary  bearing,  and  made 
upon  the  recommendations  of  the  health  office,  have  been  accom- 
plished as  follows: 

1.  A  modern  and  sanitary  cattle  pen  was  constructed  and  pro- 
vided with  a  vat  containing  a  suitable  solution  in  which  cattle  are 
dipped  for  the  relief  of  ticks.  Approaches  and  roads  were  filled  and 
graded,  so  as  to  eliminate  hoof  prints  and  consequent  mosquito 
breeding. 

2.  Structural  improvements  in  the  swimming  pool  at  Hotel  Wash- 
ington, to  make  it  conform  to  the  requirements  of  the  sanitary  code. 

3.  Structural  improvement  of  the  stables,  with  especial  reference 
to  rat-proofing.  The  Panama  Railroad  stables  underwent  a  thor- 
ough renovation, 

4.  The  construction  by  the  health  department  of  a  compost  heap 
to  control  fly  breeding  and  to  meet  the  demand  for  stable  manure 
by  gardeners. 

Quarantine  Division. 

The  total  number  of  vessels  inspected  in  quarantine,  including 
Bocas  del  Toro,  during  the  year,  was  2,238,  as  against  2,282  for  the 
preceding  fiscal  year,  and  1,831  for  the  fiscal  year  1914.  The  maxi- 
mum number  of  ships  received  in  any  one  month  was  263,  in  July, 
1915;  the  minimum  number,  113,  occurring  in  the  month  of  Decem- 
ber, the  marked  decrease  being  accounted  for  by  the  closure  of  the 
canal. 

At  the  Balboa  quarantine  station  concrete  sidewalks  have  been 
put  in,  trees  and  hedges  planted,  and  a  type  17  mo(hfied  cottage 
erected  for  the  use  of  the  additional  medical  officer  now  on  duty  at 
the  station.  The  small  boat  landing  for  this  station  was  completed 
in  November,  and  has  since  been  in  use;  quarantine  passengers  are 
now  landed  directly  at  the  station  from  this  pier.  During  the  month 
of  May  this  pier  was  turned  over  to  the  public  use  with  the  privilege 
of  exclusive  use  by  the  quarantme  division  at  the  time  of  landing 
passengers. 
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The  plagiie  situation  along  the  west  coast  of  South  America  has 
shown  no  improvement,  but  on  the  other  hand  seems  to  be  growing 
progressively  worse.  Reports  from  time  to  time  of  cases  alon^  the 
Chilean  coast  leads  us  to  consider  Chilean  ports  as  far  soutli  as 
Valparaiso  as  infected.  The  plague  situation  in  Peru  shows  no 
changes  for  the  better,  and  recently  newspaper  reports  indicated  the 
existence  of  an  unusual  number  of  cases  of  this  disease  in  the  vicin- 
ity of  Paita,  Guayaquil,  Ecuador,  and  vicinity,  report  from  January 
I'to  April  30,  1916,  545  cases  of  plague,  with  218  deaths,  while 
during  December,  1915,  188  cases  of  plague  were  reported,  with  71 
deaths.  The  appearance  of  a  case  of  plague  during  the  month  of 
May,  at  the  port  of  Manta,  Ecuador,  shows  an  extension  northward 
of  this  disease;  Manta,  until  the  report  of  this  case,  having  been 
declared  free  of  plague  for  several  years.  Plague  is  also  reported  in 
Argentina,  in  10  localities;  in  all  probability  being  an  extension  of 
the  disease  from  the  west  coast  eastward. 

The  plague  situation  in  New  Orleans  has  shown  great  improve- 
ment, though  an  occasional  case  of  rat  plague  is  reported  from  time 
to  time. 

Anthrax  was  recognized  among  the  cattle  at  Colon,  the  first  part 
of  April,  1916,  although  it  is  probable  that  scattered  cases  had  oc- 
curred in  March.  The  records  of  the  office  show  that  this  is  the 
third  successive  year  in  which  the  disease  has  appeared.  In  former 
years  it  was  not  extensive  because  there  was  comparatively  few 
cattle  on  the  pastures. 

During  April  there  were  85  deaths  among  the  cattle,  during  May, 
23;  and  in  June,  8.  While  not  all  animals  were  examined  bacterio- 
logically,  there  is  little  doubt  of  the  correctness  of  the  diagnosis  as 
the  herds  were  under  the  observation  of  two  veterinary  surgeons 
and  experienced  cattle  men.  The  deaths  were  not  equally  distributed, 
but  occurred  principally  in  pastures  6  and  7,  8  and  9,  21,  22,  23, 
24,  25,  36,  37,  upper  59,  and  lower  59,  and  these  pastures  were 
abandoned  early  and  the  cattle  on  them  passed  through  a  five-day 
quarantine  period  on  pastures  26,  27,  33,  34,  and  35,  before  being 
slaughtered.  The  five  so-called  quarantine  pastures  have  remained 
free  of  the  disease  from  the  beginning. 

The  greater  part  of  the  present  Colon  pastures  are  infected,  and 
if  used  as  they  are  at  present,  will  bring  about  an  annual  recurrence 
at  the  end  of  each  dry  season.  Fortunately,  some  additional  pas- 
tures will  be  ready  in  the  fall  of  1916. 

The  heavily  infected  pastures  listed  above  will  have  to  be  aban- 
doned in  whole  or  in  part  for  a  long  period,  unless  thorough  drainage 
and  improved  watering  places  bring  about  an  early  cure. 

During  the  fiscal  year  the  veterinarian  of  the  health  department 
made  7,580  quarantine  inspections,  and  8,198  ante  and  post  mortem 
inspections  of  cattle  for  the  supply  department;  229  cattle  and  200 
swine  were  inspected  for  outside  interests,  and  during  March,  1916, 
73  cattle  at  the  Corozal  farm  were  tuberculin  tested. 

Detailed  statistics  are  shown  in  Table  XXV. 

Respectfully  submitted. 

D,  C.  Howard, 
Chief  Health.  Officer. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Armj-, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 
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for  their  treatment. 
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XXVII.  Hospital  and  total  cases  of  malaria  among  employees. 

Table    I. — Admissioxs,    Deaths,     and    Noneffective    Rates    for    Employees: 
Deaths  of  Residents  of  Panama,  Colon,  and  the  Canal  Zone. 

absolute  numbers. 


Average 
number 
of  em- 
ployees. 

Admissions  to  hospitals. 

Deaths. 

Noneffective  from 
sickness.! 

Color. 

Total. 

Disease. 

External 
causes. 

Total. 

Dis- 
ease. 

External 
causes. 

Days 
treated. 

Constant- 
ly non- 
effective. 

Year  1915-16: 

White 

4,592 
28, 956 

1,620 
3,908 

1,356 

2,867 

264 
1,041 

21 
202 

15 
152 

6 
50 

31,719 
91,633 

86.90 

251. 05 

Total 

33,548 

5,595 
32, 120 

5,528 

2,306 
5,395 

4,223 

1,940 
3,974 

1,305 

366 
1,421 

223 

34 
184 

167 

17 
119 

56 

17 
65 

123,352 

39,449 
107,496 

337. 95 

Year  1914-15: 

White 

10S.08 

Colored 

294.51 

Total 

37, 715 

7,701 

5,914 

1,787 

218 

136 

82 

146,945 

402. 59 

PROPORTIONATE   NUMBERS.^ 


Year  1915-16: 
White 

4,592 
28,956 

3.52.71 
134.96 

295. 23 
99.01 

57.48 
35.95 

4.57 
6.98 

3.26 
5.25 

1.31 
1.73 

.   ..           18.92 

Colored 

1            8. 67 

Total        ..  .  . 

33,548 

5,595 
32,120 

164.78 

412.15 
167. 96 

125.88 

346. 74 
123.72 

38.90 

65.41 
44.24 

6.65 

6.08 
5.72 

4.98 

3.04 
3.70 

1.67 

3.04 
2.02 

10. 08 

Year  1914-15: 
White 

19.32 

9.16 

Total 

37,715 

204. 18 

156.  81 

47.37 

5.78 

3.61 

2.17 

10. 67 

'  Includes  both  hospitals  and  quarters. 


-  Annual  average  per  1,000. 
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Table    T. — Admissions,   Dkaths,   and   Noneffective    Rates    for    Employees: 
Deaths  of  Residents  ok  Panama,  Colon,  and  the  Canal  Zone — Conlinued. 


DEATHS  OF  RESIDENTS  OF  THE  CITIES  OF  PANAMA 

, COLON 

,  AND  THE  CANAL  ZONE. 

Avrrajje 
population. 

Deaths. 

Annual 

average  per  1,000. 

Place. 

Total. 

Disease. 

External 
causes. 

Total. 

Disease. 

External 
causes. 

Year  1915-16: 

60, 576 
27,012 
31,384 

1,710 
691 
398 

1,0.52 
662 
346 

58 
29 
52 

2S.23 
25.  58 
12.68 

27.27 
24.51 
11.02 

0.96 

1.07 

1.66 

Total    

118,972 

60,382 
27,815 
35, 249 

2,799 

1,924 
627 

478 

2,660 

1,856 
591 
415 

139 

68 
36 
63 

23.53 

31.86 
22. 54 
13.56 

22. 36              1. 17 

Year  1914-15: 

30.74               1.12 

Colon   

21.25              1.29 

11.77              1.79 

Total    

123,446 

3,029 

2,862 

167 

24.54 

23.19  1            1.35 

Table  II. — Deaths  by  Age,  Color,  and  Sex. 


White. 

Colored. 

Yellow. 

Total. 

Ace. 

'S 
§ 

"3 
S 

o 

"3 

■3 
B 

0 

_2 
1 

a 
» 

"3 

0 

"3 

"3 
1 

"3 

"0 

52 

21 

4 

8 

25 

46 

18 

16 

10 

8 

2 

33 

'I 
2 

10 
9 
9 
1 
6 
5 
2 
1 

85 

33 

8 

10 

35 

55 

27 

17 

16 

13 

4 

1 

428 

188 

23 

49 

287 

210 

127 

66 

35 

7 

3 

"'"'i' 

10 

348 

159 

17 

44 

167 

120 

85 

38 

21 

16 

7 

2 

'""3' 

776 

347 

40 

93 

454 

330 

212 

104 

56 

23 

10 

2 

1 

13 

7 

"i' 

6 
6 
4 
2 

3 

1 
1 
1 

1 

10 
1 

1 
1 
2 

6 
6 
4 
2 

487 

209 

27 

57 

313 

262 

1.51 

86 

47 

15 

5 

384 

172 

22 

47 

178 

129 

94 

39 

27 

21 

9 

3 

■""3' 

871 

381 

49 

11  to  20  years 

104 

21  to  30  vears 

491 

31 1 0  40  years                         

391 

41  to  50  vears       

245 

51  to  60  years 

125 

74 

71  to  80  years 

81  to  90  vears 

36 

14 

91  to  100  years 

3 

101  to  110  years                                . .     . . 

1 
11 

1 

1 

1 

14 

Total 

210 

94 

304 

1,434 

1,027 

2,461 

27 

7 

34 

1,671 

1,128 

2,799 

Table  III. — Deaths  by  Nationality. 


Nations. 


Antigua 

Austria 

Bahama  Islands. . 

Barbados 

Bermuda  Islands. 

Bolivia 

Canada 

Canary  Islands 

Chile , 

China 

Colombia 

Costa  Rica 

Cuba , 

Curacao 

Demarara 

Dominica 

Ecuador 

F.ngland 

Fortune  Islands.. 

France 

Germany 

Greece 

Grenada 

Guadeloupe 

Guiana,  British. . 

Haiti 

Honduras 

India 

Italy 

Jamaica 

Japan 


Employ- 
ees. 


Nonera- 
ployees. 

Total. 

23 

29 

2 

2 

4 

4 

429 

481 

1 

1 

1 

I 

2 

2 

1 
2 

2 

34 

34 

113 

120 

5 

6 

2 

2 

1 

2 

12 

14 

2 

5 

6 

6 

5 

5 

3 

3 

10 

10 

2 

2 

4 

4 

29 

31 

19 

26 

3 

3 

4 

4 

3 

4 

1 

1 

11 

11 

649 

732 

1 

1 

Nations. 


Martinique . . . 

Mexico 

Montserrat 

Nassau 

Nevis 

Nicaragua 

Norway 

Panama 

Peru 

Philippines. . . 

Porto  Rico 

Portugal 

Persia 

Russia 

Salvador 

Scotland 

St.  Kitts 

St.  Lucia 

St.  Thomas... 
St.  Vincent. . . 

Spain 

Sweden 

Toboga 

Trinidad 

United  States . 

Venezuela 

West  Indies . . 
Unknown 


Total. 


Employ- 
ees. 


223 


Nonem- 
ployees. 


60 
4 

10 
3 
1 
4 
1 
882 

12 
1 
1 
2 
1 
1 
1 
2 
5 

44 
7 

18 

31 
1 
1 

27 

46 

10 
2 

15 

2,576 


Total. 


13 

3 

1 

4 

1 

895 

15 

1 

1 

2 

1 

2 

1 

2 

6 

48 

8 

24 

32 

1 

1 

31 

63 

10 

2 

15 
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Table  IV. — Causes  of  Death  of  Employees  of  The  Panama  Canal  and  Panama 

Railroad. 


Causes  of  death. 


Alcoholism,  acute  and  chronic . 


Anemia . 

Aneurysm 

Apoplexy,  cerebral  hemorrhage 

Brain,  softening  of 

Cancer  and  other  malignant  tumors  of  stomach  and  liver . 
Carbuncle . 


Cerebrospinal  fever 

Cerebral  sclerosis 

Cardio-renal  disease 

Cellulitis,  streptococcic 

Dysentery,  bacillary 

Dysentery,  unclassified 

Endocarditis,  acute  and  chronic . . . 

Epithelioma  of  esophagus 

Fever: 

Malarial,  estivoautumnal 

Typhoid 

Heart,  organic  disease  of 

Hemoglobinuric  fever,  unqualified. 

Intestinal  obstruction 

Infective  exhaustive  psychosis 

Kidneys,  disease  of 

Liver,  "cirrhosis  of 

Manic  depressive  psychosis 

Meningitis: 

I'neumococcus 

Tuberculous 

Nephritis,  clironic 

Pellagra. 


Peritonitis,  simple . 

Pneumonia 

Pneumonia,  lobar . 
Pyelo-nephrosis . . . 

Pj'elitis. 


White. 


Senility 

Septicemia,  purulent  infection  of 

Syiihilis: 

Tertiary 

Secondary 

Tetanus 

Tuberculosis: 

Abdominal 

Disseminated 

Miliary 

Pulmonary 

Of  Psoas  muscle  and  pelvic  lymph  nodes. 

Uremia 

Ulcer,  duodenal 

Undiagnosed 


External  cause:i. 


Accidental  traumatism,  various . 

Drowning,  accidental 

Dynamite  explosions 

Electrocution,  accidental 

Railroad  accidents 

Suicide 

Other  external  violence 


Total. 


Colored. 


Total. 
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Table  V. — Death  Rates  among  Americans  on  the  Isthmus. 


Numlier 
of  deaths. 

Annual 
average 
per  1,000. 

Average  number  of  white  employees  from  the  United  States  (4,180): 

Disease 

10 
5 

2.39 

External  causes 

1.20 

All  causes 

15 

3.59 

Average  number  of  white  women  and  children  from  the  United  States  (3,447): 

Disease 

18 

5.22 

External  causes 

All  causes 

18 

28 

5 

33 

36 
12 

48 

5.  22 

Average  nvmiber  of  white  employees  and  their  families  from  the  United  States  (7,627) : 

Disease 

External  causes ..       .                                    

3.67 
.66 

All  causes 

4.33 

Average  number  of  all  Americans  on  the  Canal  Zone  (14,823):' 

Disease 

2.4.3 

External  causes 

81 

All  causes 

3.24 

1  Total  number  of  Americans  on  the  Canal  Zone  includes  employees  and  their  families  and  the  officers 
and  enlisted  men  of  the  United  States  Army  stationed  on  the  Isthmus. 

Table  VI. — Causes   of   Deaths   of   Civil   Population    (Employees   and   Non- 
employees)  AND  Military  and  Places  where  Chargeable. 


Diseases. 

Panama. 

Colon. 

Canal 
Zone. 

Total. 

1 

I.  General  diseases. 
Typhoid  fever 

11 

12 
2 

3 

7 

1 

12 

1 

15 
31 

4a 

Malarial  fever: 

Estivoautumnal 

4b 

Tertian 

3 

4e 

Undetermined 

1 
1 

4g 

Cachexia 

1 

1 
8 
1 
3 

2 

5a 

Varioloid 

I 

6 

Measles 

4 
3 
4 
5 
1 
1 
2 
2 

12 

8 

Whooping  cough 

4 

9 

Diphtheria  and  croup 

1 

8 

9a 

Croup 

5 

9b 

Diphtheria  bacillus  carrier 

1 

14 

Dysentery 

7 

g 

14b 

Dysentery,  bacillarv 

2 

14c 

Dysentery,  unclassified 

1 

3 

18 

Erysipelas 

i 

1 

19  B 

Chicken  pox 

1 

1 

19  E 

Hemoglobinm-ic  fever,  imqualified 

1 

1 

191 

Yaws 

1 

4 
2 
8 
7 

27 

3 

223 

8 

12 
4 

1 

20 

Purulent  infection  and  septicemia 

1 
1 
2 
2 

10 
2 

61 
2 
4 
1 
1 

1 
1 
1 
1 
3 

6 

20a 

Pyemia 

4 

20b 

Septicemia 

jl 

24 

Tetanus 

10 

26 

Pellagra 

40 

27 

Beriberi 

5 

28 

Tuberculosis  of  the  lungs 

19 
5 

303 

29 

Acute  miliary  tuberculosis 

15 

30 

Tuberculous  meningitis 

16 

31 

Abdominal  tuberculosis 

1 

6 

32 

Pott's  disease 

I 

33a 

Tuberculosis: 

Of  bones  and  joints 

1 

3 

1 

40 

1 

1 

1 
7 
7 
7 

1 

34 

Of  other  organs 

1 

4 

34d 

Of  the  genito-urinary  organs 

1 

35 

Disseminated 

14 
3 

12 

66 

36 

Rickets 

4 

37A 

Syphilis: 

Primary 

1 

37B 

Secondary 

1 

37C 

Tertiary 

2 
2 

1 
1 

2 
2 
1 

1 

2 

11 

37D 

Hereditary 

9 

37E 

Period  not  stated 

8 

38Ab 

C.onorrheal  arthritis 

1 

39 

Cancer  and  other  malignant  timiors: 

Of  the  buccal  cavity 

6 
3 
3 
5 

8 

40 

Of  the  stomach  and  liver 

1 

41 

Of  the  peritoneum,  intestines  and  rectimi 

4 

42 

Of  the  female  genital  organs 

6 

564 


THE   PANAMA   CANAL. 


Table  VI. — Causes   of   Deaths   op   Civil   Population    (Employees   and   Non- 
employees)  AND  Military  and  Places  where  Chargeable — Continued. 


43 
45 
47 
48 
50A 
63 

54 
54  b 
64c 

55 

56 
56a 
56b 
56c 

59a 


60 
61 

61b 
62 
63 

63a 
64 
65 
66 
67 
68 
69 
70 
71 
74 

74a 


77 
78 

78a 
79 
80 
81 

81a 

81b 
82 
84 

84a 
85 


86b 
89 
90 
91 

92A 

92  B 

93  A 
9315 

91 
95 
90 
97 
98 

9Sa 


99 
100 
101 


Diseases. 


I.  General  diseases — Continued. 

Cancer  and  other  malignant  tumors— Continued. 

Of  the  breast 

Of  other  organs  and  of  organs  not  specified 

Acute  articular  rheumatism 

Chronic  rheumatism  and  gout 

Piat.etes 

Leuchemia 

Anemia: 

Chlorosis 

Primary,  pernicious 

Secondarj',  cause  not  determined 

Other  general  diseases 

Alcoholism: 

Acute  or  chrom'c 

Acute 

Chronic 

Alcoholic  psychosis 

Drug  habit .". 


II.  Disease  of  the  nervous  system  and  of  the  organs  of 
special  sense. 

Encephalitis 

Simple  meningitis 

Pneumoeoccus  meniagitis 

Locomotor  ataxia 

Other  diseases  of  the  spinal  cord 

Acute  anterior  poliomyelitis 

Cerebral  hemorrha}:e,  apoplexy 

Softening  of  the  brain 

Paralysis  without  specified  cause 

General  paralysis  of  the  insane 

Other  forms  of  mental  alienation 

Epilepsy 

Con\ailsions  (nonpuerperal)  (5  years  and  over) 

Convulsions  of  infants  (luidor  5  years  of  age) 

Other  diseases  of  the  nervous  system 

Tumor  of  the  brain 

Diseases  of  the  ears 


III.  Diseases  of  the  circulatory  system. 

Pericarditis 

Acute  endocarditis 

Malignant  endocarditis 

Organic  diseases  of  the  heart 

Angina  pectoris 

Diseases  of  the  arteries,  atheroma,  aneurysm,  etc 

Aneurysm 

Arteriosclerosis 

Embolism  and  thrombosis 

Diseases  of  the  lymphatic  system  (lymphangitis,  etc.) . 

Lymphadenitis  "(nonvenereal) 

Hemorrhage,  other  diseases  of  the  circulatory  system... 

IV.  Diseases  of  the  respiratory  system. 

Myiasis  of  nasal  fossae  and  sinuses 

Acute  bronchitis 

Chronic  bronchitis 

Broncho-pneumonia 

Pneumonia  (unqualified) 

Lobar  pneumonia 

Pleurisy 

Empyema 

Pulm"onary  congestion,  pulmonary  apoplexy 

Gangrene  of  the  lungs 

Asthma 

Pulmonary  emphysema 

Other  diseases  of  the  respiratory  system  (tuberculosis 

excepted ) 

Abscess  of  lungs 


V.  Diseases  of  the  digestive  system. 


Diseases  of  the  mouth  and  annexa. 

Diseases  of  the  pharyn.x 

Diseases  of  the  esophagus 


Panama. 


10 

110 

29 

51 

3 

3 

5 

1 

5 

1 


Colon. 


Canal 
Zone. 


Total. 
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Diseases. 


V.  Diseases  of  the  digestive  system— Continued. 


Stricture  of  the  esophagus 

U  leer  of  the  stomach 

Acute  gastritis 

Chronic  gastritis 

Acute  indigestion 

Diarrhea  and  enteritis  (under  2  years) 

Colitis 

Diarrhea  and  enteritis  (2  years  and  over) . 

Colitis , 

Ankylostomiasis 

Appendicitis  and  typhJitis 

Chronic  appendicitis , 

Hernia,  intestinal  obstructions 

Other  hernias 

Intestinal  obstruction , 

Other  diseases  of  the  intestines , 

Duodenal  ulcer , 

Cirrhosis  of  the  liver 

BOiary  calculi 

Other  diseases  of  the  liver 

Abscess  of  liver  (unqualified) 

Cholecystitis 

Diseases  of  the  spleen 

Simple  peritonitis  (nonpuerperal) 


VI.  Nonvcncrcal  diseases  of  the  genito-urinary  system . 

Acute  nephritis 

Bright 's  disease  (chironic  nephritis) 

Other  diseases  of  the  kidney  and  annexa 

Pyelo-nephrosis 

Cystitis 

Diseases  of  the  urethra,  urinary  abscess,  etc 

Uterine  tumor  (noncancerous) 

Other  diseases  of  the  uterus 

Salpingitis  and  other  diseases  of  the  female  genital 
organs 


VII.   The  puerperal  state. 


Accidents  of  pregnancy 

Abortion 

Puerperal  hemorrhage 

Other  accidents  of  labor 

Puerperal  septicemia 

Puerperal  albuminuria  and  convulsions 

Eclampsia 

Following  childbirth  (not  otherwise  defined) . 


VIII.  Diseases  of  the  skin  and  cellular  tissue. 


Gangrene 

Carbuncle 

Phlegmon  and  cellulitis . 
Pemphigus  contagious . . 
Tropical  ulcer 


IX.  Diseases  of  the  bones  and  of  the  organs  of  locomotion. 

Diseases  of  the  bones  (tuberculosis  excepted) 

Osteomyelitis 


X.   Malformations. 

Congenital  malformations  (stillbirths  not  included) . . . 

XL  Diseases  oj  early  infancy. 

Newborn  child 

Congenital  debility,  icterus,  and  sclerema 

Premature  birth 

Congenital  debility 

Malnutrition 

Other  causes  peculiar  to  early  infancy  (including  vari- 
ous consequences  of  labor) 

Lack  of  care 


Panama. 


2 

244 

56 

21 

5 

3 

1 


Colon. 


Canal 
Zone. 


Total. 


566 


THE   PANAMA   CANAL. 


Table  VI. — Causes  op  Deaths  of  Civil  Population   (Employees   and  Non- 
employees)  AND  MiUTARY  AND  Places  whebe  Ch-ARGeable — Continued. 


Panama. 


Colon. 


Canal 
Zone. 


Total. 


154 


155 

157 
159 
163 
164 
165 
167 
169 
170 
171 
172 
174 
175 
175a 
175b 
177 
181 
182 
183 
184 
185A 
186 


187 

188 

189A 

I89Aa 


XII.  Oldagp 


Senility. 


Xm.  Affections  produced  by  external  causes. 


Suicide  by  poisoning 

Suicide  by  hanging  or  strangulation 

Suicide  by  firearms 

Other  suicides 

Poisoning  by  food 

Other  acute  poisonings 

Buins  (conflagration  excepted) 

Accidental  drowning 

Traumatism  by  firearms 

Traumat ism  by  cutting  or  piercirvg  instruments 

Traumatism  by  fall 

Traumatism  by  machines 

Traumatism  by  other  crushings  (vehicles,  railroads,  etc) 

Railroad  traumatism 

Dynamite  traumatism 

Star^'ation 

Electricity  (lightning  excepted) 

Homicide  by  firearms 

Homicide  by  cutting  or  piercing  instruments 

Homicide  by  otlier  means 

Fractures  (cause  not  specified) 

Other  external  violence 


XrV.  Ill-defined  diseases. 


Ill-defined  organic  disease 

Sudden  death 

Cause  of  death  not  specified  or  ill  defined. 
Infections  of  undetermined  origin 


Total. 
Stillbirths.. 


Grand  total. 


1,710 
184 


1,894 


691 
57 


748 


6 
2 
5 
1 
2 
2 
7 

37 
5 
1 

13 
7 

11 
9 
3 
1 
1 
9 
2 
2 
2 

12 


2,793 
290 


3,089 


Table  VII. — Admissions  and  Deaths  of  Employees  and  Soldiers  in  the  Hos- 
pitals OP  The  Panama  Canal,  from  All  Causes,  for  the  Fiscal  Year  1915-16. 


Diseases. 


Employees. 


Admissions. 


White.    Black 


Deaths. 


White.    Black. 


Soldiers. 


Admis- 
sions. 


Deaths. 


1 
3 

4 

4a 

4b 

4c 

4e 

4f 

4g 

4h 

5b 

6 

9 

10 

14 

14a 

14b 

14c 

17 


I.  General  diseases. 


TjT)hoid  fever 

Relapsing  fever 

Malaria 

Malarial  fever: 

Estivoautnmnal 

Tertian 

Quartan 

Undetermined 

Clinical 

Cachexia 

Hemoglobinuric  fever,  malarial. 

Vaccinia 

Measles 

Diphtheria  and  croup 

Influenza 

Dysentery 

Entemoebic 

Bacillary 

Unclassified 

Leprosy 


134 

49 

1 

1 

81 


428 

95 

3 


189 


158 

61 

2 
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Table  VII. — Admissions  and  Deaths  of  Employees  and  Soldiers  in  the  Hos- 
pitals OK  The  Panama  Canal,  prom  All  Causes,  for  the  Fiscal  Year  1915-16 — 

Coutiiiued. 


Diseases. 

Employees. 

Soldiers. 

Admissions. 

Deaths. 

Admis- 
sions. 

Deaths. 

White. 

Black. 

White. 

Black. 

18 

I.  General  rf/wascs— Continued. 
Erysipelas 

6 
4 
1 

1 
1 

2 

19A 

19  B 

Chicken  po.x 

20 

63 

2 

2 

1 
5 

19  D 

19  E 

Hemoglobinuric  fever,  unqualified 

1 

191 

Yaws 

19J 

Kala-azar 

1 

1 

19L 

Malta  fever 

1 

3 

1 

19M 

Acute  infectious  jaundice 

2 

1 

190 

Other  epidemic  diseases 

20 

I'urulent  infection  and  septicemia 

2 
1 

1 

20b 

Septicemia 

20c 

I'vemia  and  septicemia,  pneumococcic    . 

1 

22 

Anthrax 

2 
3 
7 
2 
83 
8 
1 
2 

3 

24 

Tetanus  

2 

26 

:;::;::      t 

27 

Beriberi 

28 

24 

1 
........ 

9 
5 
1 
1 

3 

1 

29 

Acute  miliary  tuberculosis 

30 

Tul^erculous  meningitis 

21 

Abdominal  tuberculosis 

333 

Tuberculosis: 

Of  bones  and  joints 

1 

34 

Of  other  organs 

1 

34c 

Of  the  lymph  glands 

1 

3 

34e 

Tuberculous  abscess 

1 
6 

15 

35 

Disseminated  tuberculosis 

1 

16 

37A 

Syphilis: 

Primary 

4 

12 
9 

1 

3 

8 

28 

2 

12 
52 
14 

37B 

41 

37C 

Tertiary." 

135 

4 
31 
18 
94 

7 
5 
31 
6 
68 
24 

2 

3 

1 

1 

5 
7 
9 
3 

1 

3-D 

Hereditary 

37  E 

Period  not  stated 

12 
12 

84 

3SA 

38Aa 

Gonorrhea 

38Ab 

Gonorrheal: 

Arthritis 

38Ac 

4 
12 

3SAd 

Orchitis  and  epididymitis 

3 

3SE6 

Ophthalmia 

3SB 

Soft  chancre 

21 
5 

5 



72 
14 

38Ba 

Adenitis  chancroidal 

40 

Cancer  and  other  malignant  tumors: 

Of  the  stomach  and  liver 

2 

41 

Of  the  peritoneum,  intestines,  and  rec- 
tum   

44 

Ofthesktn 

45 

Of  other  organs  and  of  organs  not  speci- 
fied  

46 

Other  tumors  (tumors  of  the  female  genital 
organs  excepted) 

4 

8 

47 

Acute  articular  rheumatism 

48 

Chronic  rheumatism  and  gout 

4 

4 

1 

3 
1 

50A 

1 

51 

E  xopthalmic  goiter 

53b 

Hodgkin's  disease 

2 
5 
2 
1 

54c 

Anemia  secondary,  cause  not  determined . . . 

1 
1 

2 

1 

55 

55a 

Serum  disease 

55b 

1 

1 

2 

22 

7 
3 

56 

Alcoholism: 

Acute  or  chronic 

56a 

Acute 

6 
5 
1 

2 

1 

56b 

Chronic 

56c 

Alcoholic  psychosis 

2 

58 

Other  chronic  occupation  poisonings    . 

1 

59a 

Drug  habit 

1 

1 

61 

II.  Diseases  of  the  nervous  system  and  of  the 
organs  of  special  sense. 

Simple  meningitis ...   . 

1 

1 
1 

1 

61b 

Pneumococcus  meningitis 
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Diseases. 


Employees. 


Admissions. 


White.   Black 


Deaths. 


"White.   Black 


Soldiers. 


Admis- 
sions. 


62 

63a 

64 

65 

66 

67 

68 

68a 

69 

73A 

73  B 
73C 

74 
74a 

74  b 
75 

75a 
75b 
76 
78 
78a 
79 
80 
81 

81a 

81b 

83 

83a 
83b 
83c 
83d 


85 


86b 

87 

87a 

88 

89 

90 

91 

92A 

92B 

93A 

93  B 

96 

98 

98a 


99 

99a 

99b 

100 

100a 

100b 

101 

101b 

102 

103 


II.  Diseases  of  the  nervous  synera  and  of  the 
organs  of  special  5e7i«£— Continued. 


Locomotor  ataxia 

Acute  anterior  poliomyelitis 

Cerebral  hemorrhage,  apoplexy 

Softening  of  the  brain 

Paralysis  without  specified  cause 

General  paralysis  of  the  insane 

Other  forms  of  mental  alienation 

Dementia  precox 

Epilepsy 

Hysteria 

Neuralgia 

Neuritis 

Otlier  diseases  of  the  nervous  system 

Tumor  of  the  brain 

Neurasthenia 

Diseases  of  the  eyes  and  their  annexa 

Follicular  conjunctivitis 

Trachoma 

Diseases  of  the  ears 

Acute  endocarditis 

Malignant  endocarditis 

Organic  diseases  of  the  heart 

Angina  pectoris 

Diseases  of  the  arteries,  atheroma,  aneu- 
rysm, etc 

Aneurysm 

Arterio-sclerosis 

Diseases  of  the  veins  (varices,  hemorrhoids, 
phlebitis,  etc.) 

Hemorrhoids 

Varices 

Varicocele 

Phlebitis 

Diseases  of  the  lymphatic  system  (lymphan- 
gitis, etc. ) 

Lymphadenitis  (nonvenereal) 

Hemorrhage;  other  diseases  of  the  circula- 
tory system 


2 

127 

1 


IV.  Diseases  of  the  respiratory  system. 


Diseases  of  the  nasal  fossae 

Myiasis  of  nasal  fossae  and  sinuses 

Diseases  of  the  larynx .' 

Laryngitis 

Diseases  of  the  thyroid  body 

Acute  bronchitis 

Chronic  bronchitis 

Broncho-pneumonia 

Pneumonia  (unqualified) 

Lobar  pneumonia 

Pleurisy 

Empyema 

Astnma 

Other  diseases  of  the  respiratory  system 

(tuberculosis  excepted) 

Abscess  of  lungs 


19 


V.  Diseases  of  the  digestive  system. 


Disea.ses  of  the  mouth  and  annexa 

Diseases  of  the  teeth  aJid  gums 

Stomatitis 

Diseases  of  the  pharynx 

Pharyngitis 

P'oUicular  tonsillitis 

Diseases  of  tlie  esophagus 

Stricture  of  the  esophagus 

Ulcer  of  the  stomach 

Other  diseases  of  the  stomach '(cancer  ex- 
cepted)   


33 


19 
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Table  VII. — Admissions  and  Deaths  op  Employees  and  Soldiers  in  the  Hos- 
pitals OF  The  Panama  Canal,  from  All  Causes,  for  the  Fiscal  Year  1915-16 — 
Coutiuucd. 


Diseases. 


V.  Diseases  of  the  digestive  system — Contd. 


fiastrpitasis 

Gastritis: 

Acute 

Chronic 

Acute  indigestion 

Colit  is 

Diarrliea  and  enteritis  (over  2  years) 

Colitis 

Ankylostomiasis 

Intestinal  parasites 

Teniasis 

Appendicitis  and  typhilitis 

Appendicitis: 

Acute 

Chronic 

Inpiinal  hernia 

Other  hernias 

Intestinal  obstruction 

Other  diseases  of  the  intestines 

Constipation 

Duodenal  ulcer 

Cirrhosis  of  the  liver 

Biliary  calculi 

Other  diseases  of  tlie  liver 

Abscess  of  liver: 

Unqualified 

Entamebic 

Cholecystitis 

Simple  peritonitis  (nonpuerperal) 

Other  diseases  of  the  digestive  system  (can- 
cer and  tuberculosis  excepted) 


VI.  Nonvenereal  diseases  of  the  genito-urinary 
system  and  anneia. 


Acute  nephritis 

Bright 's  disease  (chronic  nephritis) 

Other  diseases  of  the  kidney  and  annexa 

Bilharziosis  of  urinary  tract 

Pyelonephrosis 

Calculi  of  the  urinary  passages 

Diseases  of  the  bladder 

Cystitis 

Diseases  of  the  urethra,  urinary  abscess 

Stricture  of  the  urethra,  nonvenereal 

Prostatitis: 

Acute 

Chronic 

Abscess  of  the  prostate 

Hypertrophy  of  prostate 

Nonvenereal  diseases  of  the  male  genital 

organs 

Ilernatocele 

Hydrocele 

Lymph  scrotiun  and  varix 

Uterine  hemorrhage  (nonpuerperal) 

Uterine  tum  or  (noncancerous) 

Other  diseases  of  the  uterus 

Salpingitis  and  other  diseases  of  the  female 

genital  organs 

Nonpuerperal  diseases  of  the  breast  (cancer 

excepted) 


VII.    The  puerperal  state. 


Normal  labor 

Accidents  of  pregnancy 

H  \'peremesis  gravidarum 

Abortion 

Puerjiera!  hemorrhage 

Puerperal  aU>uminuria  and  convulsions.  . . . 
Following  childbirth  (not  otherwise  defined) 

63503°— 16 38 


Employees. 


Admissions. 


White.    Black 


Deaths. 


White.    Black 


Soldiers. 


Admis- 
sions. 


Deaths. 
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142 

1-13 

143a 

144 

144a 

145B 

145E 

1451 

145K 

145M 

1450 

145Q 

145S 

145T 


146 
146a 
140b 
146e 
146d 

147 

147b 

147e 

148 

149 


Diseases. 


VIII.  Diseases  of  the  skin  and  of  the  cellular 
tissue. 

G angrene 

Funincle 

Carbuncle 

Acute  abscess 

Phlegmou  and  cellulitis 

Scabies 

Pemphigus  contagious 

Elephantiasis 

Dhobie  itch 

Ulcer  of  the  skin 

Tropical  ulcer 

Impetigo  contagiosa 

Ingrowing  nail 

Otlier  diseases  of  the  skin  and  annexa 


160 
163 
164 
165 
165b 
166 
167 

170 

171 

172 

173 

174 

175 

175a 

175b 

175c 

176 

177 

179b 

181 

185A 

185B 

185C 

186 


187 

189  A 

189.\a 

189Ba 

189Bb 


Employees. 


Admissions. 


White.    Black. 


IX.  Diseases  of  the  bones  and  of  the  organs  of 
locomotion. 

Diseases  of  the  bones  (tuberculosis  excepted) 

Caries  (nontuberculosis) 

Ma,stoid  abscess 

Osteomyelitis 

Periostitis 

Diseases  of  the  joints   (tuberculosis   and 

rheumatism  excepted) : 

Arthritis 

S>Tiovitis 

Amputations 

Other  diseases  of  the  organs  of  locomotion.. . 

X.   Malformations. 
Congenital  malformations   (stillbirths  not 
included) 


XII.  Old  age. 


Senility 

XIII.  A  ffections  produced  by  external  causes. 

Suicide  by  cutting  or  piercing  instruments. 

Other  suicides 

Poisoning  by  food 

Other  acute"poisonings 

Snake  biles 

Conflagration 

Burns  (conflagration  excepted) 

Traumatism : 

B  V  firearms 

By  cutting  or  piercing  instruments 

By  fall 

In  mines  and  quarries 

By  machines 

By  other  crushings 

Railroad 

D  ynaraite 

By  landslides 

Injuries  by  animals 

Starvation 

Heat  exhaustion 

Electricity  (lightning  excepted) 

Fractures  (cause  not  specified) 

Dislocations 

Sprains 

Other  external  violence 


XIV.  Ill-defined  diseases. 

Ill-defined  organic  disease 

Cause  of  death  not  specilied  or  ill  defined. 

Infections  of  undetermined  origin 

No  disease 

Feigned  disease 


Total. 


Deaths. 


White.    Black 


1  :. 

4  I. 

2  . 

2 
34 

1 

13 
17 


1 
1 

17 
3 
1 
2 

35 

4 

161 

74 

12 

63 

203 

21 

5 

10 

4 


2 
1 

102 
11 
41 

267 


Soldiers. 


Admis- 
sions. 


10 


14 

18 

1 

1,739 
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Table  VIII.— Consolidated 

Hospital  R 

EPORT. 

Remain- 
ing 
July  1. 

Admitted. 

Died. 

Discharged. 

Trans- 
ferred. 

Remain- 
ing 
June  30. 

o 
"3 

3 

i 

6 

2 

1 

6 
1 

o 
o 

■6 

£ 
o 
"o 
O 

26 
12 
7 
13 
19 

i 

32 
9 

i34" 
7 

i 
0 

"o 

0 

ANCON  HOSPITAL. 

41 

7 

173 
64 

1,092   2,168 

154       939 

2         10 

3,350    1,202 
263       366 

12 
2 

'is 

10 

64 
42 
2 
112 
52 

1,085 

148 

2, 133 

894 

4 
2 
2 
24 
3 

lis 

55 

1 

139 
9 

36 
33 

3,293 
252 

1,064 
293 

49 

35 

Total              .               

196 

306 

4,861    4,685 

62 

272 

4,778 

4,384 

35 

77 

182 

258 

Insane  department: 

5 

10 

2 

164 

2 

44 

3 

1 

27 

28 

2 

4 
7 
85 
10 
21 

.... 

1 

2 

2 

27 

5 
5 

1 

1 

5 

24 

2 
1 

38 
6 
8 

2 
.... 

1 

.... 
12 

5 

'33' 

8 

10 

5 

13 
6 
7 

17? 

1 

Cliarit  J'  patients 

4       9 

48 

Total 

31 

222 

61 

127 

2 

41 

31         55 

4 

17     55 

?36 

Grand  total 

227 
9 

• 

528 

4,922 

4,812 

64 

313 

4,809 

4,439 

39 

94  i237 

494 

Corozal  farm:  Panama  Canal  employees 

40 
26 

8 
9 

6 

275 
95 
31 

31 
25 

354 
436 
188 
158 
67 

5 

27 
19 

254 
272 

23 
122 

37 

10 

7 
2 
1 
7 

44 

Chronic  ward:  Charity  patients 

32 
15 
26 

77 
8 

4 

99 
133 
151 
31 
29 

28 

COLON  HOSPIT.\.L. 

4 

2 
.... 

5 
1 

7 
29 
14 

7 
3 

238 

78 

3 

283 
25 

2 

11 

Panama  pay  patients 

Other  pay  patients 

8 

5 

364 

3 

2  \      34 

Total 

12 

24 

799 

1,203 

9 

60 

627 

708 

158 

443 

17 

16 

PALO  SECO  LEPER  A.SYLUM. 

Panama  Canal  employees 

3 

7 
3 

3 

Panama  pay  patients 

3 
2 

33 

18 

1 

3 

2 
2 

37 

Charity  patients 

21 

Total 

5  j  51 

13 

1  '<.     3 

4 

61 

GRAND  TOTALS. 

Panama  Canal  employees 

59 

9'?1 

1,376 

250 

60 

3,742 
299 

2,560 

1,382 

290 

1,370 

482 

14     73 

2  I  73 

3  46 
44    124 
11     60 

1,329 
227 

8 
3,600 

277 

2,416 

1,167 

61 

1,192 

357 

38 
17 
29 
102 
11 

125 
146 
170 
44 
56 

54 
11 
36 
149 

18 

177 

Panama  Railroad  employees 

7  1  75 
16    197 
153     43 
18   123 

71 

Panama  pay  patients 

210 

Other  pay  patients 

53 

Charity  patients 

132 

Total 

253  1 669 

5,727 

6,084 

74  !376 

15,441 

5,193 

197 

541 

268 

643 

1 

1 

Table  IX. — Consolidated  Report  of  Employees  Treated  in  Quarters. 


Remain- 
ing 
Julyl. 

Admitted. 

Died. 

Discharged. 

Trans- 
ferred. 

Remain- 
ing 
June  30. 

Stations. 

2 
^ 

0 

^ 

0 
c 
0 

1 

0 

6 

0 
0 

0 

i 

2 

1 

0 
0 

2 

■a 
£ 
0 
"o 

Naos  Island 

1 

1,441 

934 

87 
162 
278 
4 
161 
895 

1 

1,427 
854 
89 
156 
249 
1 
157 
894 

Ancon 

14 

6 
3 
3 

.... 

"i' 

4 

436 

11 

3 

187 
16 
83 

609 

4 

245 
10 
2 

28 
83 

1 
q 

' 

Balboa 

192 

1 
1 
36 
2 
6 
1 

3 

Corozal 

.... 

.  .•• 

Pedro  Miguel 

Paraiso 

152  \  28 
14       2 
78,     4 

612       1 

1 
1 
2 
6 

Gamboa 

.... 

Gatun 

2 
6 

2 
21 

1 
17 

Colon 

Total 

34  1  2a 

3,963 

1,349 

13 

18 

~ 
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Table  IX. — Consolidated  Report  of  Employees  Treated  in  Quarters — Con. 

CONSOLIDATED  REPORT  OF  DAYS  LOST  IN  QUARTERS. 


Stations. 

-RTiite. 

Colored. 

Total. 

2 

3,323 

2,486 

321 

441 

678 

11 

556 

2,384 

2 

124 

1,175 

24 

8 

624 

25 

460 

4,816 

3,447 

3,661 

345 

449 

1,202 

36 

Gatim                                   

1,016 

7,200 

Total              

10,202 

7,156 

17,358 

Table  X. — Consolidated  Hospital  and  Employees  Treated  in  Quarters 

Report. 


Hospitals.. 
Quarters . . . 

Total 


Remain- 
ing 
July  1. 


Admitted. 


253   669  5,727 
34     25   3,963 


287   694   9,943 


Died. 


6,084 
1,349! 


74 


8, 102     74 


376 


376 


Discharged. 


5,441   5,193 
3,828   1,117 


9,269   6,310 


Trans- 
ferred. 


353 


780 


Remain- 
ing 
June  30. 


281 


643 
18 


661 


Wliite. 


Colored.      Total 


Total  admissions  to  hospitals,  excluding  Corozal  farm  and  chronic  ward... 
Total  admissions  of  employees  to  quarters 

Total 

Less  number  of  patients  transferred  from  quarters  to  hospitals,  and  between 
hospitals,  whose  admissions  are  duplicated  in  above  figures 

Net  admissions  to  hospitals  and  quarters 

Net  admissions  of  employees  to  hospitals  and  quarters 

Aruiual  average  per  thousand  of  atlmissions  of  employees  to  hospitals  and 
quarters 


5,721 
3,963 


6,028 
1,349 


11,749 
5,312 


9,684 
353 


7,377 
776 


17,061 
1,129 


9,331 
5,372 

1, 169.  86 


6,601 
4,729 

163.32 


15,932 
10, 101 

301.09 


CONSOLIDATED  DISPENSARY  REPORT  OF  ALL  CASES  TREATED  BUT  NOT  EXCUSED. 


Employees. 

Nonemployees. 

Totals. 

White. 

Colored. 

Total. 

White. 

Colored. 

Total. 

White. 

Colored. 

Total. 

Naos  Island 

Ancon 

532 

29,347 

39, 583 

4,572 

8,102 

10,507 

458 

6,600 

12, 193 

1,332 
45, 189 
45, 181 

5,465 
12,035 
31,078 

1,662 
20,972 
32. 0.'iS 

1,864 
74,5:56 
84,764 
10,037 
20, 137 
42,185 

2,120 
27,572 
44,251 

532 
49,242 
49, 860 
7,332 
16, 295 
17,489 

708 
20, 485 
20, 570 

1,332 
72, 604 
54,178 

6,277 
15,30:5 
41,923 

6,222 
37,462 
42, 876 

1,864 

19, 895 

10, 277 

2,750 

8, 193 

6, 982 

250 

13,885 

8,377 

27,415 

8, 993 

812 

3,268 

10,  245 
4,560 

16, 490 

10,818 

47,310 
19, 270 

3, 562 
11,461 
17,227 

4,810 
30,375 
19, 195 

121,  M6 

Balboa 

104,0:?8 

Corozal 

13,609 

Pedro  Miguel 

31,598 
59,412 

Gamboa 

6, 9:i0 

Gatun 

57,947 

Colon 

63,446 

Total 

111,894       195,572 

307,466 

70, 609         82, 601 

153,210 

182,513 

278, 177 

400, 690 
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Table  XI. — Average  Number  op  Employees  Constantly  Sick  in  Hospitals 

AND  Quarters. 

HOSPITALS. 


White. 


Ancon  Hospital 

Colon  Hospital 

Palo  Seco  Leper  Asylum . 


50.60 
8.36 


Total. 


58.96 


Colored. 


216. 01 

15.04 

.39 


231.44 


QUAP.TERS. 


average  number  of  employees  constantly  sick. 


Total. 


266. 61 

23.40 

.39 


290. 40 


9.10 
6.81 

.88 
1.21 
1.S6 

.03 
1.52 
6.53 

0.34 

3.22 
.07 
.02 

1.43 
.07 

1.26 
13.20 

9.44 

10.03 

.95 

1.23 

3.29 

.10 

2.78 

19.73 

Total                 

27.94 

19.61 

47.55 

Hospitals. 
Quarters.. 


TotaL 


58.96 
27.94 


231.44 
19.61 


average   number    of   employees  constantly   sick   per   1,000. 


Hospitals. 
Quarters. , 


Total 


290. 40 
47.55 


337.95 


12.84 

7.99 
.68 

8.66 

6.08 

1.42 

al                   18.92 

8.67 

10.08 

Table  XII. — Average  Length  op  Stay  in  Hospitals  or  Quarters  for  Each 
Admission  of  Sick  Employees. 


White. 

Colored. 

Total. 

Hospitals: 

14.69 
8.36 

24.80 
6.92 

21.94 

7.37 

13.27 

21.26 

18.95 

Quarters: 

2.00 
2.28 
2.65 
3.57 
2.66 
2.45 
3.67 
3.45 
2.66 

2.00 

31.00 
2.69 
2.18 
2.67 
2.79 
1.56 
5.48 
7.86 

2.36 

2.66 

3.41 

2.66 

2.58 

1.89 

4.15 

4.77 

2.56 

5.28 

3.25 
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Table  XIII. — Subsistence  and  Operating  Expenses. 

Subsistence  expenses: 

Number  of  days'  rations  issued  to  patients 318, 302 

Cost  of  rations  issued  to  patients 8*3, 185-  9^ 

Cost  of  subsistence  per  patient  per  day 30. 230 

Operating  expenses: 

Number  of  da vs'  relief  furnished  patients  in  hospitals 318, 302 

Cost  of  operations  of  hospitals S447, 994. 63 

Cost  per  patient  per  day _  ?1-  •lOT 

Cost  of  operation  with  amount  received  from  outside  patients,  etc.,  deducted 1197, 534. 73 

Cost  per  capita  i)er  day  with  above  deduction $0. 621 

Cost  of  dispensaries. ^4, 410. 46 

FINANCIAL    STATEMENT. 


Health  depart- 
ment expendi- 
tures, fiscal 
year  1914-15. 


Health  depart- 
ment expendi- 
tures, fiscal 
year  1915-10. 


Administration  i 

Medical  storehouse  i 

Ancon  Hospital 

Colon  Hospital 

Santo  Toraas  Hospital 

Dispensaries  2 

Quarantine  service 

Sanitation  proper,  Panama 

Disposal  of  garbage,  street  cleaning,  Panama. 

Sanitation  proper,  Colon 

Disposal  of  garbage,  street  cleaning.  Colon 

Sanitation,  Canal  Zone 

Construction  and  repair  of  buildings 

Corozal  Hospital 

Palo  Seco  Leper  Asylum  » 


CIO, 

4, 

404! 

42, 

h; 

75, 
54: 
37: 

54: 

28: 
23: 

130' 
14 
30 


504.08 
257. 10 
894. 90 
008.35 
131.87 
529.96 
975.87 
556.63 
060.41 
014.87 
675. 14 
867.07 
867. 94 
766.59 


$323,552.03 
47,914.00 
11,136.23 
44,646.35 
61,957.47 
47,523.73 
53,224.65 
38,409.57 
27,301.51 
180, ISO. 92 


74,010.35 
23, 270. 85 


Total . 


923,108.78 


933,127.66 


1  Cost  of  administration  (chief  health  office)  and  of  medical  storehouse  prorated  into  operating  accounts 
since  Jan.  1,  1915. 

2  Cost  of  dispensaries  for  1914-15  included  cost  of  operation  of  Palo  Seco  Leper  Asylum. 

3  Included  under  disjiensariea  for  1914-15. 

Table  XIV. — Patients  Other  Than  Employees  Treated  in  Hospitals.  Including 
Palo  Seco  Leper  Asylum,  and  Amounts  Received  for  Their  Treatment. 


Paid  for  by  Panama  Republic: 

Insane 

Colon  Hospital 

Lepers 

Total 

For  whom  department  of  civil  government  pays  $2,400  per  year 

(charity) 

Outside  pay  cases 

Families  of  employees,  etc 

Soldiers 

Residents  of  Panama,  emergency  charity  cases 

Public  health  service  * 

Total 


Number  of 
admis- 
sions. 


102 

219 

11 


332 

693 

847 

2,2,-!3 

1,738 

21 

105 


5,5 


Number 

days' 

treatment. 


68,519       $51,539.25 

371  I  853.99 

14,920         10,132.60 


83,840  62,525.74 

41,224  2,400.00 

12,961  66,259.39 

42,370  49,7:55.29 

26,566  45,554.99 

149  ' 

1,831  2,837.99 


208.941  ;     229,313.40 


1  Public  health  service  includes  only  patients  admitted  during  last  6  months;  during  the  first  6  months 
of  the  fiscal  year  they  were  included  under  outside  pay  cases. 
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Amputations: 

Shoulder 

Arm 

Forearm 

Thigh 

Leg 

Foot 

Digits,  multiple 

Arm  and  leg 

Operations  on  bones: 

Craniectomy,  decompressive 

Laminet'toriiy 

Ostiectomy . ". 

Arthrotoniy  of  kneo  joint . . . 

Wiring  of  iraetures,  simple.. 

Wiring  of  fractures,  com- 
pound  

Bone  transplant 

Adeneetomy: 

Cervical 

Axillary 

Inguinal,  single 

Inguinal,  double 

Femoral 

Herniotomy: 

Inguinal,  single 

Inguinal,  double 

Femoral 

Ventral 

Combined  (any  two  of  the 
above) 

Strangulated 

Genito-urinary  tract: 

Nephrotomy 

Nephiectoniy 

Nephropexy 

Ureterotomy 

Urethrotomy,  internal 

Urethrotomy,  external 

Prostatectomy 

Varicocele,  radical  cure 

Hydrocele,    single,   radical 
cure 

Hydrocele,  double,  radical 
cure 

Orchidectomy 

Epididymotomy 

Amputation  of  the  scrotum. 

Amputation  of  the  penis 

Ciuetage  uteri 

Perineoplasty 

Trachelorrhaphy 

/aginal  puncture 

I  Obstetric-al: 

Caesarian  section,  abdominal 

Accouchement  forc6 

Low  forceps 

Version 

Perineorrhaphy 

Thorax: 

Thoracotomy 

Excision  of  breast  and  axilla 

Excision  of  breast 

Rectum: 

Hemorrhoids,  radical  euro. . 

Fistulain  anus,  e.xcision  of. . 

Prolapsum  rectum,  radical 
excision 


Number. 


18 

4 

30 

19 
1 

11 
1 

207 
58 
15 

147 

21 

1 

7 

1 

5 

4 
1 
2 
2 
9 

18 
3 

24 


4 

2 

97 

11 

1 

103 

11 


Died. 


General: 

Thyroidectomy 

Nerve  st  rctchmg 

Varicose  veins,  excision  of. . 

Tenorrhapliy 

Myorrhaphy 

Excision    of   surface    neo- 
plasms  

Gun-shot   wound     of    soft 

parts, operation  for 

Stab  wound  of  soft  parts, 

operation  for 

Extensive  injuries  to  soft 

parts,  operation  for 

Plastic  operation  for  congen- 

i  tal  defect 

Plastic  operation  for  severe 

injuries 

Plastic  operations  for  effects 

of  disease 

Skin  graft 

Laparotomy: 

For  general  peritonitis 

For  tuberculous  peritonitis. 
For  intestinal  obstruction . 

Exploratory 

Gastrotomy 

Gastro-enterostomy 

Entero-enterostomy 

Enterectomy 

Appendectomy 

Appendectomy  with  local 

peritonitis 

Appendectomy   with   gen- 
eral peritonitis 

Cholecystotomy 

Choleeystostoniy 

Cholecystectomy 

Abscess    of   liver,    laparo- 

hepatotomy  for 

Splenectomy 

Pan-hystereVtomy 

Supravaginal  hysterectomy 

Ilysteromyomectomy 

Myomectomy 

Salpingectomy,  single 

Salpingectomy,  double 

Salpingo-ooph'orectomy 

Ovarian  cystectomy 

Oophorectomy " 

Suspensio-uteri 

Plastic  operation  for  clironic 

pelvic  peritonitis 

For  ectopic  gestation 

Pylorectomy 

Gastrectomy 

Choledochotomy 

For  trauma: 

General  peritonitis 

Rupture  of  spleen 

Gimshot  wound  of  abdomen 
Major   operations,    various 

others 

Minor  operations,   various 

others 

Total 


Number. 


Died. 


5 
16 

5 
7 

11 
8 
1 

20 

3 

3 

144 


1 
3 

5 

7 

4 

1 

15 

50 

29 

3 

6 

2 

17 

5 

3 

47 

7 
1 
3 
3 
3 

1 

1 
1 

117 

,  585 


■  Streptococcus  septicemia,  1;  carbuncle,  1. 
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Table  XVI — Operations  and  Work  Performed  in  Eye,  Ear,  Nose,  and  Throat 

Clinics. 


Operations. 


Adenoidectomy 

Advancement  of  internal  rectus. 
Antral  sinusotomy  intranasal. . . 

Capsulectomy 

Cataract  needling 

Enucleation 

Evisceration 

Excision  of  chalazioa 

Expression 

Expression  for  trachoma 

Extraction  of  cataract 

Frontal  sinus  radical 

Incision  of  surgical  abscess 

Iridectomy 

Keratotomy 

Lachrymal  duct  dilated 

Mastoidectomy 

Naso-dachryocystostomy 

Papilloma,  vocal  cords,  removal 

of 

Plastic  on  eyeball 


Number. 


148 
2 
1 
1 
1 
8 
1 
4 
2 
4 

13 
2 
1 
4 
1 
1 

17 
1 

3 

2 


Died. 


Ofierations. 


Plastic  on  ej-elid 

Plastic,  face 

Plastic,  nose 

Pterygium,  excision 

Pterygium,  transplantation 

Removal  of  nasal  polyp 

Rhinoplasty 

Removal  of  nasal  spur 

Removal  of  foreign  body  from 

nose 

Sinusotomy,  frontal 

Submucous  resection  of  nasal 

septum 

Sinusotomy,  maxUlary 

Tonsillectomy 

Turbinectomy 

Various  minor  operations 

Total 

Refractions 

Outside  cases  treated 


Number. 


Died. 


Table  XVII. — Consolidated   V/ard   Laboratory   Report   Ancon   and   Colon 

Hospitals. 


Blood  examinations 9,205 

Estivoautumnal 1, 3S1 

Tertian 213 

Mixed  tertian  and  estivoautumnal 51 

(.Quartan 9 

Diflerential  blood  counts 527 

Leucocyte  counts 1, 245 

Red  blood  counts 68 

AVhite  blood  counts 53 

Hemoglobin  estimations 1, 002 

Secondary  anemia C 

Lymphacytosis 4 

Polsicocytosis 5 

Anisoc  j-tosis 5 

Filariasis 2 

Spirilla  of  relapsing  fever 3 

Stool  examinations 6, 910 

Ascaris  lumbricoides 101 

Uncinaria  ova 414 

Tricocephalus  dispar 339 

Strongyloides  intestinalis 211 

Amoei;a 44 

Ciliated  monads 1S5 

Bilharzia 9 

Pus  and  blood 918 

Entameba,  histolytica  and  tetragena. .  41 

Guaiac  tests 182 

Cercomonas  intestinalis IG 

Tenia  saginata  dispar  (ova) 0 

Blood  and  mucus 3 

Benzidine  tests 23 


Urine  examinations 22, 324 

Albumen 0, 314 

Casts 3,663 

Sugar 731 

Pus  and  blood 6, 831 

Indican 763 

Epithelia 7,486 

Bile 217 

Trichomonas  vaginalis 2 

Hemin  crystals 8 

Guaiac  tests 213 

Ciliated  monads 24 

Triple  phosphates 03 

Amorphous  phosphates 4 

Red  blood  cells 13 

Urea  determinations 16 

Acetone  tests 95 

Calcium  oxalates 6 

Uric  acid  crystals 2 

Benzidine  tests 22 

Sputum  examinations 3,018 

Tubercle  bacilli 343 

Pus  cells 9 

Pneumococci 10 

Smear  examinations 568 

Examination  of  spinal  Ouid 56 

Examinations  of  vaginal  and  uretliral 

discharges 274 

Examinations  of  the  eye 42 

Examinations  of  various  smears  and 

discharges 29 
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Table  XVIII. — Ancon  IIospital, 

NATIONALITY  OF  PATIENTS. 


Class. 


Number 
treated. 


Americans. 


White.     Colored. 


Other  nations. 


White.     Colored. 


HOSPITAL  PROPER. 


Panama  Canal  employees 

Panama  Railroad  employees. 

Panama  pay  patients 

Other  pay  patients 

Charity  patients 


Total. 


I:^sSANE  DEPARTMENT. 


Panama  Canal  employees 

Panama  Railroad  employees. 

Panama  pay  patients 

Other  pay  patients 

Charity  patients 


Total 

Grand  total. 


3,474 

1,164 

12 

4,727 

671 


10,048 


22 

10 

289 

46 

74 


441 


705 


2,682 
161 


32 


10, 489  3, 669 


274 

2,488 

43 

1,032 

1 

11 

741 

1,302 

58 

452 

50 


1,167 


5,285 


256 
15 
64 


359 


5,644 


Number  of  days'  relief  furnished  patients. 
Cost  of  subsistence  per  patient  per  day . . . 


273,173 
$0. 226 


Table  XIX. — Colon  Hospital. 

NATIONALITY  OF  PATIENTS. 


Class. 


Number 

Americans. 

Other  nations. 

treated. 

White. 

Colored. 

White. 

Colored. 

641 
540 

189 

70 

7 

213 
25 

92 
30 
23 
161 
11 

360 
440 

219 

189 

535 

161 

103 

67 

2,038 

504 

317             1,217 

Panama  Canal  employees 

Panama  Railroad  employees . 

Panama  pay  patients 

Other  pay  patients 

Charity  patients 


Total. 


Number  of  days'  relief  furnished  patients 13,872 

Cost  of  subsistence  per  patient  per  day SO.  324 


Note. — For  report  of  surgical  operations  at  Ancon  and  Colon  Hospitals  see  Table  XV. 
dated  ward  laboratory  report  see  Table  XVII. 


For  consoli- 


Table  XX. — Palo  Seco  Leper  Asylum. 

NATIONALITY  OF  PATIENTS. 


Class. 

Number 
treated. 

Americans. 

Other  nations. 

White. 

Colored. 

White. 

Colored. 

43 
23 
3 

3 
2 

40 

Charity  patients 

21 

3 

Total 

69 

5 

64 

Number  of  days'  relief  furnished  patients  . 
Cost  of  subsistence  per  patient  per  day 


21,095 
$0. 240 
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Table  XXI. — Santo  Tomas  Hospital. 


Class. 


Remain- 
ing 
Julyl. 


Ad- 
mitted. 


Died. 


Dis- 
charged. 


Remain- 
ing 
June  30. 


Pay  patients 

Charity  patients. 

Total 


30 

404 


1,022 
9,706 


20 
9G5 


1,009 
S,776 


14 

429 


10,7S8 


9,7S5 


Average  number  of  days'  treatment  per  patient 15. 3 4 

Average  number  of  patients  constantly  sick 451. 92 

Number  of  days'  relief  furnished  patients 165,402 

Cost  of  subsistence  per  patient  per  day $0. 360 

NATIONALITY  OF  PATIENTS. 


• 

Class. 

Number 
treated. 

Americans. 

Other  nations. 

White. 

Colored. 

Whit«. 

Colored. 

1,052 
10,170 

34 
119 

4 
9 

488 
1,501 

526 

8,541 

Total 

11,222 

153 

13 

1,989 

9,067 

PATIENTS  TREATED  AT  DISPENSARY. 


White. 

Colored. 

Total. 

602 
863 

7,111 
6,709 

7,713 

7,572 

Total 

1,465 

13,820 

15, 285 

SURGICAL  OPERATIONS. 


Major 

Minor 

Total 


Table  XXII. — Board  of  Health  Laboratoky. 


Bacteriological  examinations: 

Water 3 

Milk 394 

Fluids  and  exudates 181 

Blood  cultures 221 

Throat  cultures  (diphtheria  suspects). . .  G&i 

Cultures  from  autopsies 20 

Stool  cultures 246 

Urine  cultures 336 

Sputum 64 

Oysters 1 

Widals 2 

Pus 3 

Rats 14,471 

Cultures,  miscellaneous 7 

Examinations: 

Leper  suspects 23 

Blood  for  malaria 296 

Blood  counts  differential 78 

Gonoeoccus  stains 3 

Pyorrhea  cases 3 

Stools  for  parasites 17 

Blood  for  trypanosomes 27 


Chemical  examinations: 

Carbolic  acid 5 

Alcoholic  beverages 22 

Stomach  contents 3 

Urine 115 

Various  liquids,  fluids,  etc 30 

Various  metals 2 

Milk 251 

Gasoline 9 

Kerosene 6 

Opium 3 

Sodium  fluoride 1 

Electrolytes  for  storage  batteries 23 

Disinfectants 1 

MiscoUuiieous 10 

Kciial  calrulus 2 

(i hit  ion  (lour 3 

Miscellaneous: 

AgRlutination  reactions 49 

Autopsies 357 

Bodies  enilialined 44 

Patliologiciil  tissues  prepared,  frozen...  25 

Pathological  tissues  prepared,  paraffin. .  4,324 
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Table  XXII. — Board  of  Health  Laboratory — Continued. 


Miscellaneous— Continued. 

SiirRual  palliolo'^iial  tissues  and  neo- 

plasnis  reported 35 1 

Park  field  exaininat  ions 40 

Vacxine  inoculat ions,  ant  it  yphoid 28 

Vaccine    treatment,    autogenous,    pre- 
pared   21 

^\  assermann  read  ions 0,518 

Animal  inoculations 37 

I'reparations  of  salvarsanized  serum  for 

intraspinous  treatment 11 

Vaccine  i^oiuts  manufactured 15, 310 

Interments 302 

Animals  autopsiod Ill 

Milk  sediments : 175 

Ice  cream 10 

Alcohol 1 


Miscellaneous — Continued. 

Blood  for  fat 1 

Cremations 102 

Water 4 

Tallow I 

Roast  mutton 1 

Butyric-acid  tests  on  spinal  tluid 7 

Fat  "determinations  of  milk 18 

Butyric  acid 13 

Paiiit 1 

Heroin 1 

Chloride  of  lime 1 

White  brass 5 

Examination  of  spots  on  clothing; 1 

Specific  gravity  determination  ol  stovaiu 

solution ". 1 


Stations. 


Ancon 

Balboa 

Corozal 

Pedro  Miguel 

Paraiso 

Red  Tank 

Lirio  and  Cerio 

Rio  Grande 

Dredges,  Culebra  Cut 

Tower  R 

Gamboa 

Other  places  in  Pedro  Mig- 
uel District 

Gatim 

Frijoles 

Monte  Lirio 

Darien 

Other  places  in  Gatim  Dis- 
trict  

Barracks,  Cristobal 

Moimt  Hope  Village 

Colon 

Silver,  married  quarters 
and  cars 

Other  places  in  Colon,  Cris- 
tobal District 

Camp  Gaillard 

Empire 

Camp  Otis 

Fort  Randolph 

Fort  Sherman 

Total 


XoTE. — The  table  of  mosquitoes  identified  does  not  attempt  to  give  comparable  data  for  different  stations, 
since  the  period  covered  is  not  equal  for  all  places.  For  instance,  collections  were  not  begun  at  Fort  Ran- 
dolph and  Fort  Sherman  imtU  June,  1916. 
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Table  XXIII. — Issues  of  Quinine. 


Month. 


Kilo- 

Pounds 
avoirdu- 

grams. 

pois. 

39.40 

86.86 

43.20 

95.24 

23.00 

50.71 

34.33 

75.68 

42.33 

93.32 

6.16 

13. 59 

7.15 

15. 73 

20.15 

44.42 

4.25 

9.37 

18.50 

40.79 

21.00 

46.29 

11.00 

24.25 

270.  47 

596. 25 

22.54 

49.69 

July 

August 

September 

October 

Noveml;er 

December 

January 

February 

March 

April 

May 

June 

Total 

A..verage  per  month 

Table  XXIV. — Sanitation. 

Mosquito,  rat,  and  fly  work:  CITY  OF  PANAMA. 

Miles  of  ditches  cleaned 88. 2 

Miles  of  ditches  dug 10. 9 

Square  yards  of  pools  oiled 5, 079, 487 

■•Vater  containers  treated 150, 639 

f         Mosquito  breeding  places  found 3, 425 

Fly  breeding  places  found 1, 522 

Quarts  of  flies  trapped  (13, 000  per  quart) 400 

Rats  trapped 9, 352 

Square  feet  of  vegetation  removed 611, 620 

Disinfection  work:  Rooms  disinfected 116 

Material  used: 

Crude  oil  (gallons) 49, 567 

Larvacide 7, 559 

Inspection  of  houses  and  yards: 

Houses  and  yards  inspected 64, 343 

Notices  served  and  nuisances  abated 4, 069 

Number  of  old  buildings  condemned 128 

Numl  >er  of  buildings  demolished 52 

Number  of  yards  cleaned 82 

New  buildings: 

Number  of  plans  for  new  buildings  approved.  .> 228 

Number  of  permits  granted  for  repairs  to  old  buildings 1, 004 

Garbage  collection: 

Number  of  loads  of  garbage  removed  to  dump  and  burned 57, 497 

Total  number  of  cans  of  garbage  emptied 901,  ISO 

Street  cleaning: 

Number  of  sciuare  yards  of  streets  cleaned  daily 600, 000 

Number  of  square  yards  of  streets  sprinkled  daily 82, 500 

Vaccinations:  Number  of  persons  vaccinated 2, 631 

COLON,  CRISTOBAL,  AND  MOUNT  HOPE. 

Water  and  sewers: 

Number  of  connections  made  during  the  year 143 

Total  number  of  connc:tions  made  to  date 8,931 

Ntimber  of  outstanding  permit s 967 

Number  of  houses  in  which  extensions  were  made 64 

Houses: 

Plans  approved 182 

Permits  to  repair  issued 717 

Permits  to  occupy  issued 176 

Number  of  bills  collected  for  work  for  private  parties 1, 792 

Sanitation  of  Colon: 

Number  of  loads  of  yard  garbage  removed 7, 438 

Averai;o  number  of  cans  of  garbage  removed  daily 2,171 

Numl  ler  of  acres  of  vegetation  removed 663. 5 

Numlier  of  acres  of  streets  cleaned 10, 014 

Numlier  of  privat.e  properiies  cleaned 6,980 

Number  of  square  yards  of  pools  oiled 614,010 

Number  of  mos(|uito  lirooding  places  destroyed 768 

Number  of  water  receptacles  treated 613,777 

Number  of  linear  feet  of  ditches  constructed 4S0 

Number  of  miles  of  ditches  maintained 10.3 

Number  of  mosquitoes  caught 7, 637 

Numlier  of  nuisances  abute.l 3,064 

Number  of  buildings  inspected 91, 649 

Number  of  rats  killed 2, 930 

Number  of  acres  of  alleys  cleaned 1, 260 

Number  of  acres  of  streets  sprinkled 569 

Number  of  fly  breeding  places  destroyed 542 

Number  of  gallons  of  larvacide  used 4, 868 

Numlier  of  gallons  of  crude  oil  used 11,977 

Number  of  doses  of  quinine  issued 57, 853 

Number  of  dogs  killed 2-19 

Number  of  cubic  yards  fumigated 62, 110 
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Sanitation  of  Colon — Continued. 

Numhor  of  scuiare  yards  of  streets  oiled 82,263 

Number  of  gallons  of  oil  used  for  streets 6,250 

Sanitation  of  Cristobal: 

Number  of  square  yards  of  pools  oiled 87, 500 

Number  of  water  receptacles  treated 76,140 

Number  of  mosquito  breeding  places  destroyed 93 

Number  of  fly  breeding  places  destroyed. .  /. 76 

Number  of  buildings  inspected 9, 1 10 

Number  of  gallons  of  larvacide  issued 422 

Number  of  g-allons  of  cnide  oil  used 2, 471 

Number  of  loads  of  yard  garbage  removed 2, 096 

Number  of  cans  of  garbage  removed 165 ,  506 

Number  of  acres  of  vegetation  removed 44. 75 

Number  of  nuisances  abated 271 

Sanitation  of  Moimt  Hope: 

Number  of  square  yards  of  pools  oiled 1, 419, 950 

Number  of  water  receptacles  treated 169, 200 

Number  of  miles  of  ditches  maintained 73. 7 

Number  of  mosquito  breeding  places  destroyed 1,183 

Number  of  miles  of  ditches  constructed 6. 6 

Number  of  mosquitoes  killed  in  outfit  cars  and  quarters 25, 056 

Number  of  mosquitoes  killed  in  barracks 25, 093 

Number  of  gallons  of  crude  oil  used 30, 224 

Number  of  gallons  of  larvacide  used 3, 455 

Number  of  cans  garbage  removed 19, 876 

Number  of  acres  of  vegetation  removed 480 

Number  of  private  properties  cleaned 1 

Number  of  fly  breeding  places  destroyed 1 

Number  of  mosquitoes  caught  on  boats 155 

CANAL  ZONE. 
Work  requests  on  supply  department: 

Grass  cutting 187 

Screen  repairing 90 

Miscellaneous 98 

Work  requests  on  engineering  department 179 

Work  requests  on  other  departments 29 

Notices  served  for  abatement  of  nuisances 128 

Arrests  for  violation  of  sanitary  regulations 12 

Convictions 9 

Building  permits  approved 7 

Inspections  of  closets 12, 334 

Inspections  of  stores 505 

Inspections  of  restaurants 1 

Inspections  of  shops 1 ,  029 

Garbage  cans  emptied  daily 2, 946 

Closets  disinfected 17, 457 

Houses  fumigated 1 

Rat  traps  used  daily 499 

Water  and  sewer  connections  made 4 

Number  of  adult  Anopheles  destroyed  at  houses 81,905 

Number  of  adult  ( 'ulices  destroyed  at  houses 150, 338 

Number  of  adult  Stegomyia  destroyed  in  houses 1, 095 

Number  of  containers  foiind  with  Stegomyia  larvne 42 

Rats  destroyed 4, 948 

Material  used: 

Larvacide  (gallons) 8, 873 

Crude  oil  (gallons) 141, 181 

Kerosene  (gallons) 6, 955 

Table  XXV. — Quarantine  Service. 

PORTS   OF   PANAMA-BALBOA  AND   COLON-CRISTOBAL. 

Number  of  vessels  inspected  and  passed 1, 873 

Number  of  vessels  detained  in  quarantine 158 

Supplementary  inspections  of  vessels  detained 680 

Nximber  of  vessels  fumigated  on  arrival 126 

Number  of  vessels  fumigated  prior  to  departure 29 

Number  of  ere w  inspected 125, 906 

Number  of  passengers  inspected 46, 682 

Total  number  of  persons  inspected 172, 588 

Number  of  supplementary  inspections 19, 012 

Niimber  of  persons  vaccinated  at  ports  of  arrival  because  of  compulsory  vaccination  law 5, 589 

Number  of  persons  vaccinated  at  port  of  departure  or  en  route  because  of  compulsory  vaccination 

law f. :. 9,910 

Total  number  of  persons  vaccinated 15,499 

Number  of  persons  held  in  quarantine  at  the  detention  stations  to  complete  period  of  incubation 

of  yellow  fever  and  plague 4, 204 

Number  of  persons  held  in  quarantine  on  board  vessels  to  complete  period  of  incubation  of  yellow 

fever  and  plague 19, 881 

Total  number  of  persons  held  in  quarantine 24,085 

Number  of  persons  landed  from  foreign  ports: 

Cabin 21,040 

Steerage 13, 387 

34, 427 

Number  of  persons  embarked  for  foreign  ports: 

Cabin 21,388 

Steerage 14, 655 

36,043 
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Apparent  decrease  for  the  year  from  foreign  ports: 

Cabin 348 

Steerage 1,268 

1,616 

Number  of  persons  arriving  from  coast  towns  on  small  craft 23, 089 

Number  of  persons  embarked  for  coast  towns  on  small  craft 19, 097 

Apparent  increase  for  the  year  from  coast  towns 3, 992 

Total  number  of  persons  landed 57, 516 

Total  number  of  persons  embarked 55, 140 

Excess  over  miml>er  embarked 2, 376 

Less  number  for  Pacific  ports 2, 872 

Apparent  decrease  for  year 496 

Number  of  immigrants  recommended  for  rejection 276 

Niunber  of  bills  of  health  viseed .' 1, 590 

Nimiber  of  inspections  of  docks 709 

Number  of  inspections  of  vessels  at  docks 1, 399 

BOCAS  DEL  TORO. 

Number  of  vessels  inspected  and  passed 207 

Nmuber  of  crew  inspected  and  passed 15, 095 

Number  of  passengers  inspected  and  passed 2,391 

Number  of  passengers  in  transit  inspected  and  passed 2, 231 

Number  of  persons  held  to  complete  incubation  of  yellow  fever 4 

Table  XXVI. — Personnel  Report. 

[Average  number  of  employees  at  work  during  year.] 


1915-16 

1914-15 

June  30, 1916. 

Total. 

Total. 

Gold. 

Sih-er. 

Total. 

-  4 
8 

43 
164 
175 
348 

38 
6 

26 
127 

54 

6 
2 

5 

8 

42 

140 

134 

345 

34 

5 

23 

109 

49 

6 
4 
1 
3 
2 
1 
1 
4 
1 
4 
3 

4 
4 
11 
11 
9 
119 
15 
6 
2 
7 
2 

5 

4 

4 
34 
144 
172 
240 
25 

8 

45 

Health  ollice  Panama                              

155 

Health  office,  Colon-Mount  Hope 

181 

Ancon  Hospital 

359 

40 

6 

17 
132 
57 

2 

19 

Zone  sanitation 

139 

Hospital  farm 

59 

Dispensaries: 

Balboa 

7 

Culebra  .                

1 

1 

I 

Naos  Island  

Gatun                

4 

2 

2 

4 

Paraiso                      

4 
3 

2 

2 

2 

1 

4 

3 

Total                

1,013 

924 

202 

832 

1,034 

Table  XXVII. — Hospital  and  Total  Cases  of  Malaria  among  Employees. 


Admissions. 

Died. 

Total 
cases. 

Annual 
average 

Annual 
average 

White. 

Colored. 

"White. 

Colored. 

per  1,000 
deaths. 

per  1,000 
cases. 

ft 

1 
o 

w 

■3 
0 

1 

1 

"3 
1 

w 

0 

'S. 

1 

0 

•i 

'a, 
0 
W 

■3 
1 

"3 

t 
^ 

1 

1 

1 

0 

July 

70 
48 
25 
25 
15 
18 
10 
15 
8 

/ 
20 

105 
71 
45 
37 
20 
26 
19 
18 
11 
9 
8 
24 

193 

138 

107 

57 

43 

46 

30 

26 

7 

12 

20 

38 

199 

146 

110 

58 

43 

47 

30 

27 

9 

13 

22 

38 

1 

1 

1 

1 

263 
186 
132 
82 
58 
64 
40 
41 
15 
18 
27 
58 

304 
217 
155 
95 
63 
73 
49 
45 
20 
22 
30 
62 

0.67 

0.67 

88 
59 
45 
29 
20 
23 
15 
16 

1 

9 
22 

101 
72 
53 
34 
22 
26 
19 
18 

8 
10 
24 

35,981 

36,024 

Sei)tcmbcr 

October 

34, 827 

2 

2 

.72 

.72 

33,419 

November 

34,224 

33,551 

January . 

31,223 

30,497 

March 

33,084 

April 

1 

.35 

.35 

33,856 

May 

34,393 

June 

31,501 

Total 

267 

393 

717 

742 

1 

1 

4 

4 

984 

1,135 

.15 

.15 

29 

34 

33,548 

APPENDIX  M. 

REPORT  OF  THE  GENERAL  PURCHASING  OFFICER  AND  CHIEF 
OF  THE  WASHINGTON  OFFICE. 


The  Panama  Canal, 

WasJiington,  D.   C,  July  14,  1916. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  work  of 
this  office  during  the  fiscal  year  ended  June  30,  1916: 

At  the  begmning  of  the  fiscal  year,  Maj.  F.  C.  Boggs,  Corps  of 
Engineers,  United  States  Army,  was  on  duty  as  general  purchasing 
officer  and  chief  of  the  Washington  office  of  The  Panama  Canal,  and 
contmued  as  such  until  his  relief  by  proper  orders,  on  March  10, 1916, 
when  he  was  succeeded  by  the  undersigned,  who  was  assigned  to  duty 
with  The  Panama  Canal  as  assistant  general  purchasing  ofiicer  and 
assistant  chief  of  the  Washington  office  on  October  28,  1915,  and 
continued  on  such  duty  until  he  relieved  Maj.  Boggs,  on  March  10, 
1916.  There  has  been  no  other  important  change  in  the  organization 
during  the  year. 

The  following  divisions  are  under  my  charge  as  general  purchasing 
officer  and  chief  of  the  Washington  office:  General  office,  including 
the  appointment  division  and  the  correspondence  and  record  divi- 
sion; offixe  of  the  assistant  auditor;  and  the  purchasing  department. 

The  recruiting  of  skilled  mechanics  in  the  United  States  has  been 
materially  handicapped  during  the  past  fiscal  year,  especially  the 
latter  half  thereof,  due  to  the  activities  at  shipyards  and  other 
manufacturing  estabUshments  and  the  rising  scale  of  wages  paid  at 
such  plants.  This  is  evidenced  by  the  fact  that  about  48  per  cent 
of  those  tendered  employment  failed  to  accept.  During  the  year 
1,176  persons  within  the  United  States  were  tendered  employment 
for  duty  on  the  Isthmus  in  grades  above  that  of  laborer;  616  persons 
accepted  and  were  appointed,  covering  73  different  positions.  Three 
thousand  five  hundred  and  seventy-nine  persons,  including  new 
appointees,  those  returning  from  leave  of  absence,  members  of  em- 
ployees' f amiUcs  and  employees  of  contractors  and  their  families,  were 
provided  with  transportation  from  the  United  States  to  the  Isthmus; 
and  in  response  to  inquuies  and  applications  for  employment  during 
this  period  and  in  the  issuance  of  ai>pointments  14,210  letters  were 
written,  2,760  telegrams  sent,  and  18,614  circulais  mailed. 

The  work  of  the  correspondence  and  record  division,  comprising  all 
general  admuiistrative  correspondence  and  miscellaneous  matters, 
has  continued  about  the  same  as  heretofore. 

The  following  statements  show  the  volume  of  the  transactions  in 
the  ofiice  of  the  assistant  auditor,  which  includes  the  work  of  the 
disbmsing  clerk: 
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Claim  statement. 

On  hand  July  1,  1915 201 

Received  from  July  1,  1915,  to  June  30,  191G 18,  371 

To  be  accounted  for 18, 572 

Passed  for  payment  from  July  1,  1915,  to  June  30,  1916 18, 108 

On  hand  June  30,  1916 464 

There  was  an  increase  of  2,239  claims  received  and  an  increase  of 
1,445  examined  and  passed  for  payment  over  the  preceding  year. 

Financial  statement  of  receipts  and  disbursements,  July  1,  1915,  to  June  30,  1916. 
Disbursing  clerk's  balance  July  1,  1915 ?490,  502. 60 

From  United  States  Treasury $10,  519,  000.  00 

Miscellaneous  collections 370, 165.  38 

10,  889, 165.  38 

To  be  accounted  for 11,379,668.02 

Disbursements: 

Vouchered  expenditures 10, 1 74,  594.  02 

Repayments  to  appropriations IBS,  000.  00 

Refundments  on  collections 54, 170.  03 

Income  tax  paid  to  internal-revenue  collector. . .  81.  08 

Collections     deposited     to    appropriations    and 

miscellaneous  receipts 307,  936.  50 

10,724,781.63 

654, 886.  39 
Disbursing  clerk's  balances  June  30,  1916: 

General  account  as  disbursing  clerk 572,  674.  72 

Special-deposit  accoimt 82,  211.  67 

654,  886.  39 

During  the  fiscal  year  15,182  vouchers  for  payment,  amounting  to 
$10,174,594.02;  303  collection  vouchers,  amounting  to  $370,078.05, 
and  1,379  settlements  by  transfer  of  appropriation,  aggregating  about 
$417,000,  were  given  an  admmistrative  examination,  this  being  an 
increase  over  the  preceding  year  of  1,710  disbursement  vouchers 
examined  and  273  tiansfer  settlements  made. 

The  work  of  the  office  of  the  assistant  auditor  includes  the  follow- 
ing: Forwarding  each  month  to  the  Isthmus  a  statement  giving 
classification  of  all  expenditures  in  the  United  States  covering 
salaries  and  incidental  expenses,  together  with  salaries  and  expenses 
in  connection  with  the  purchase,  inspection,  and  testuig  of  material; 
handling  correspondence  relative  to  claims  for  injuries  to  employees; 
keeping  a  record  of  all  moneys  collected,  deposited,  and  reappro- 
priated  during  the  fiscal  year;  the  examination  of  cash  and  net 
balances  stated  on  the  account  cun-ent  of  the  disbursing  clerk  and  the 
fonvarding  of  same  to  the  auditor  for  the  War  Department  for  settle- 
ment; ascertaining  and  transmitting  to  the  Isthmus  monthly  state- 
ments of  the  Treasury  Department  and  disbursing  clerk's  balances* 
checking  and  reporting  upon  annual  inventories  of  Panama  Canal 
property  in  the  United  States;  preparing  for  transmission  to  the 
Isthmus  cablegrams  giving  advance  notice  of  deposits  made  with 
the  Treasurer  and  assistant  treasurers  of  the  United  States  for 
Panama  Canal  tolls,  and  handhng  of  correspondence  relative  to  the 
method  of  payment  of  tolls. 

The  assistant  auditor's  office  also  prepares  all  formal  contracts 
issued  in  the  Washington  office,  and  cluiung  the  year  132  contracts 
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wore  pn^pared,  amounting  to  $4,373,707.22.  It  also  prepares  all 
annual  bonds  and  handles  correspondence  regarding  the  same. 

Many  cases,  involving  questions  of  law  to  bo  decided  by  the  general 
pm-chasing  officer  and  the  chief  of  office,  have  been  referred  to  the 
assistant  auditor  for  examination  and  report.  Reports  for  the  de- 
fense of  suits  relating  to  Panama  Canal  contracts  in  the  Court  of 
Claims  and  in  other  courts  are  prepared  by  his  ofhce,  as  well  as 
reports  on  all  claims  fded  in  the  office  of  the  Auditor  for  the  War 
Department.  The  assistant  auditor,  as  tlie  legal  officer  in  the  United 
States  of  The  Panama  Canal,  has,  by  direction  of  the  cliief  of  office, 
rendered  assistance  to  the  Department  of  Justice  in  connection  WT.tli 
tlie  preparation  for  trial,  and  at  the  trial,  in  the  courts,  of  a  number 
of  very  important  cases  in  connection  wdth  contracts  made  by  The 
Panama  Canal.  There  are  now  pending  in  the  United  States  courts 
four  cases  relating  to  Panama  Canal  contracts,  including  the  case  of 
the  United  States  v.  Pusey  and  Jones,  under  Washington  Order  No. 
20378,  the  latter  involving  an  aggregate  amount  of  $18,000.  Three 
of  these  cases  have  been  tried  in  the  district  courts.  In  one  of  these 
three  cases  an  appeal  has  been  taken  by  the  claimant,  and  in  the  re- 
maining two  cases  notice  of  appeal  has  been  given  by  the  claimant, 
but  the  appeal  has  not  yet  been  perfected.  Six  suits  are  also  pending 
in  the  United  States  Cornet  of  Claims,  involving  the  sum  of  $151,420.42. 

Though  reports  have  been  made  to  the  Department  of  Justice  in 
certain  cases  mentioned  above,  the  office  of  the  assistant  auditor  is 
frequently  called  into  consultation  by  attorneys  representing  the 
Government  in  the  Court  of  Claims,  and  every  possible  assistance  has 
been  rendered. 

The  pui'chasing  department  has  been  continued  as  heretofore, 
organized  under  the  supervision  of  the  Chief  of  Engineers,  United 
States  Ai-my,  and  in  direct  charge  of  an  officer  of  the  Corps  of  Engi- 
neers as  general  purchasing  officer,  with  headquarters  at  Wasliington, 
D.  C.  The  method  of  maldng  purchases,  including  the  inspection  of 
materials  purchased,  has  been  carried  on  in  tlie  same  manner  as  fully 
outUned  in  the  last  annual  report. 

While  the  principal  purchases  have  been  made  from  the  Washington 
office,  offices  in  charge  of  assistant  purchasing  agents  have  been  con- 
tinued at  New  York,  New  Orleans,  and  San  Francisco,  these  latter 
offices  having  been  also  used  for  receiving  and  shipping  such  ma- 
terials as  are  pm-chased  for  forwarding  to  the  Isthmus  through  their 
respective  ports.  A  small  force  of  employees  has  also  been  main- 
tained in  the  Medical  Supply  Depot,  United  States  Army,  New  York, 
N.  Y.,  in  wliich  office  the  purchases  of  all  the  medical  and  most  of  the 
hospital  suppHes  have  been  made  under  the  officer  in  charge  of  the 
depot. 

A  corps  of  inspectors,  under  the  supervision  of  the  inspecting 
engineer,  located  in  Washington,  has  been  maintained,  and,  as  in  the 
past,  the  v/ork  of  inspection  has  been  very  much  f  acihtated  by  assist- 
ance rendered  by  the  field  officers  of  the  Corps  of  Engineers  and  by 
the  Bureau  of  Standards,  the  Bureau  of  Mines,  the  Bureau  of  Chem- 
istry, and  the  Medical  Department,  the  Ordnance  Department,  the 
Signal  Corps,  and  the  Quartermaster  Corps  of  the  United  States  Army. 

AU  independent  inspection  forces  wliich  were  maintained  during 
the  past  five  or  six  years  at  points  outside  of  Wasliington  for  in- 
spection of  special  material,  such  as  lock  gates  and  electrical  ma- 
chinery, have  finally  been  eliminated,  with  the  exception  of  a  small 
63503°— 16 39 
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force  having  charge  of  the  inspection  of  the  coal-handHng  plant,  and 
it  is  expected  that  this  force  will  close  its  work  about  October  1. 

As  explained  in  the  last  annual  report,  the  number  of  orders  issued, 
rather  than  the  total  value  of  purchases,  is  the  criterion  of  the  amount 
of  clerical  work  in  the  Washington  ofhce,  and  while  the  number  of 
orders  issued  in  the  fiscal  year  1915  was  greater  than  ever  before,  the 
number  placed  in  the  last  fiscal  year  was  still  larger,  as  shown  by  the 
following  comparative  table: 

Summary  of  orders  placed  through  the  Washington  office  of  The  Panama  Canal  in  the 

fiscal  years  1915  and  1916. 


Month. 

1914-15 

1915-16 

July                                                 

656 
563 
595 
699 
553 
636 
G86 
629 
6S6 
838 
757 
7r,8 

631 

August 

710 

~ 

736 

778 

752 

819 

815 

726 

660 

April                                                             

683 

755 

791 

Total 

8, 0'j6 

8,856 

A  summary  of  all  the  orders  placed  through  the  Washington  office 
by  fiscal  years  from  1904  to  1915  was  contained  in  the  last  annual 
report,  as  well  as  a  summary  of  the  amount  of  purchases  for  the  same 
period. 

The  accomplishment  of  the  increased  work  during  the  past  fiscal 
year  by  practically  the  same  force  has  been  only  possible  through  the 
continued  liigh  efficiency  and  devotion  to  duty  of  the  personnel,  many 
of  whom  often  voluntarily  work  overtime  in  order  to  keep  the  work 
up  to  date. 

The  total  value  of  orders  placed  by  the  Washington  oflice  in  the 
last  fiscal  year  was  $8,495,099.59,  as  compared  with  $7,307,689.34 
in  1914-15,  bringing  the  grand  total  of  purchases  since  1904  up  to 
$118,159,235.45. 

The  principal  items  of  equipment  purchased  during  the  past  year 
are  as  follows:  One  refrigerating  plant,  $47,850;  1  engine  lathe, 
$36,960;  sectional  steel  doors  and  accessories  for  Piers  Nos.  7  and 
18,  $121,837.80;  keel  blocks  and  bilge  blocks  for  dry  dock  at  Balboa, 
$50,390.70;  4  wooden  dump  scows,  $120,000;  2  steel  dump  scows, 
$160,000;  2  oil-storage  tanks,  $25,200;  1  50-ton  locomotive  jib  crane 
for  dry  dock  at  Balboa,  $57,679.50;  11  caj)stans  with  motors,  etc., 
for  dry  dock  at  Balboa,  $58,960;  1  tug  (by  transfer  from  the  Engineer 
Corps  of  the  Army) ,  $40,000 ;  boilers  for  steamers  Ancon  and  Cristobal, 
$215,000.  Shipments  of  cement  were  continued  during  the  year 
under  the  contracts  entered  into  January  7,  1909,  and  September  13, 
1912,  amounting  to  528,465  barrels,  making  a  total  of  7,335,702 
barrels  delivered  under  these  contracts. 

Earl  I.  Brown, 
3Iajor,  Corps  of  Engineers,  United  States  Army, 

General  Purchasing  Officer,  Chief  of  Office. 

Maj.  Gen.  Geo.  W.  Goethals,  United  States  Army, 

Governor,  The  Panama  Canal,  Balboa  Heights,  Canal  Zone. 


APPENDIX  N. 

PRELIMINARY  REPORT  UPON  THE  POSSIBILITY  OF  CON- 
TROLLING THE  LAND  SLIDES  ADJACENT  TO  THE  PANAMA 
CANAL. 

(Made  by  the  committee  of  the  National  Academy  of  Sciences  appointed  at  the  request  of  the  President 
of  the  United  States,  dated,  February  4,  1916.     Received,  March  IG,  1916.J 


INTRODUCTION. 


The  committee  of  the  National  Academy  of  Sciences,  appointed  No- 
vember 3  8,  1915,  at  the  request  of  President  Woodrow  Wilson  "to 
consider  and  report  upon  the  possibility  of  controlling  the  slides  which 
are  seriously  interfering  with  the  use  of  The  Panama  Canal,"  submits 
this  its  preliminary  report. 

The  committee  as  origmally  appointed  consisted  of  13  persons. 
For  various  reasons  four  (Messrs.  A.  L.  Day,  G.  F.  Becker,  C.  D. 
Walcott,  and  R.  S.  Woodward)  were  unable  to  visit  the  canal  and 
participate  in  the  deliberations  of  the  committee.  Those  who  tooij 
part  in  the  preparation  of  this  report  are  as  follows: 

C.  R.  Van  Hise,  H.  L.  Abbott,  J.  C.  Branner,  Whitman  Cross,  R.  C. 
Carpenter,  A.  P.  Davis,  J.  R.  Freeman,  J.  F.  Hayford,  and  H.  F. 
Reid, 

These  members  who  will  be  spoken  of  as  "the  committee"  in  the 
report,  sailed  from  New  Orleans  December  ]  1 ,  and  arrived  at  Panama 
December  19.  All  spent  two  weeks  in  the  Canal  Zone,  and  three  of 
them  several  days  longer,  working  upon  the  problem  submitted  to 
them. 

The  part  of  the  canal  cut  between  Bas  Obispo  and  Pedro  Miguel 
will  be  called  the  GaiUard  Cut  m  accordance  with  the  official  use  of 
that  term.  The  deepest  part  of  the  GaiUard  Cut,  at  the  continental 
divide,  about  1  mile  in  length,  will  be  called  the  Culebra  District. 
The  hill  upon  which  the  village  of  Culebra  stands  will  be  called  Culebra 
Hill. 

The  general  direction  of  the  canal  is  nearly  northwest  and  southeast, 
but  nearer  north  and  south  than  east  and  west.  The  various  stretches 
vary  considerably  in  this  direction.  For  the  sake  of  brevity  in  descrip- 
tion, the  canal  will  be  regarded  as  running  north  and  south,  and  direc- 
tions at  right  angles  to  the  canal  will  be  called  east  and  west  and  those 
parallel  with  it  north  and  south. 

The  term  "slides"  when  miqualified  will  be  apphed  alike  to  material 
which  is  now  in  motion  and  to  that  which  once  has  been  in  motion  but 
is  now  quiescent.  Where  it  is  necessary  to  discriminate  between  these 
two  conditions  ol  the  sUdes,  one  will  be  called  "active"  and  the  other 
"quiescent." 

The  Culebra  District  was  visited  by  all  members  of  the  committee 
five  days,  and  a  nimiber  of  the  committee  spent  several  additional  days 
in  this  area.     The  attention  of  the  committee  was  primarily  directed 
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to  the  question  of  the  control  of  the  active  East  and  West  Culebra 
slides,  but  the  extensive  Cucaracha  slide,  now  quiescent,  was  also 
examined  with  care.  Tlie  committee  also  examined  the  massive  hills 
of  the  Culebra  District,  and  especially  Gold,  Culebra,  Zion,  and  Con- 
tractoi^  Hills,  all  of  which  are  adjacent  to  the  great  slides. 

The  work  of  the  committee  m  the  field  was  tacilitatcd  in  every  way 
by  Maj.  Gen.  George  W.  Goethals,  Lieut.  Col.  Chester  H.  Hardmg, 
Lieut.  Col.  Jay  J.  Morrow,  and  Rear  Admiral  H.  H.  Rousseau;  Gen. 
Goethals  furnished  records  from  his  ofhce,  a  brief  history  of  the  slides 
and  their  movements,  and  much  other  mformation  which  the  com- 
mittee desired;  m  short,  all  possible  help  has  been  given  to  the  com- 
mittee so  that  its  members  could  carry  on  their  work  most  effectively 
in  their  own  way. 

The  committee  has  profited  greatly  by  the  geological  studies  of  Mr. 
Donald  F.  MacDonald  and  by  conferences  with  hun  in  the  field  and  in 
the  office. 

As  the  uninterrupted  operation  of  The  Panama  Canal  is  a  matter  of 
great  national  importance,  the  committee  plans  a  further  study  of  the 
available  data  and  expects  in  due  time  to  make  a  fidler  report;  but  it 
seems  desirable  to  present  promptly  to  President  Wilson  a  prehminary 
report  containing  the  views  of  the  committee  (so  far  as  thoy  can  now 
be  formulated),  and  such  practical  suggestions  as  the  committee  is  able 
to  offer. 

THE    THREE    GE,Ex\T    SLmES. 

The  slides  which  led  to  the  closmg  of  the  canal  on  September  18, 
1915,  were  the  great  East  Culebra  and  West  Culebra  slides.  Gen. 
Goethals  has  described  these  slides  in  an  article  prepared  for  the  press, 
under  date  November  15,  1915,  a,nd  from  this  article  the  following 
statements  are  taken : 

The  East  Culebra  slide  began  on  October  14,  1914,  without  any  warning,  and  a 
section  of  the  east  bank  north  of  Gold  Hill  settled  vertically  20  feet.  This  section 
measured  2,000  feet  (now  extended  to  2,700  feet)  along  the  prism  face  and  extended 
back  1,000  feet  from  the  axis  of  the  canal,  generally  along  an  irregular  curved  line. 
The  top  of  the  bank  was  from  300  to  350  feet  above  sea  level,  and  the  extension  of  the 
ground  eastward  was  relatively  fiat  country.  In  the  settlement  the  upper  portion 
which  broke  away  remained  practically  parallel  to  its  original  position,  and  the  benchea 
which  formed  the  upper  part  of  the  slide  had  not  changed  their  relative  positions, 
though  they  were  badly  broken  up,  while  the  lower  strata  were  squeezed  out  across  the 
canal.  Subsequently  the  broken  mass  moved  into  the  cut,  reducing  the  depth  of  the 
water  from  45  feet  to  9  inches  at  one  point.  Until  August,  1915,  the  dredges  wore  able 
for  the  most  part  to  keep  up  with  the  movement  as  it  came  down,  and  probably  would 
have  been  able  to  maintain  this  condition  had  not  a  movement  occurred  on  the  west 
bank,  necessitating  work  on  this  side  to  the  detriment  of  the  east  side. 

A  crack  was  found  on  the  slope  of  Zion  Hill  in  June,  1914,  but  observations  made 
upon  it  showed  no  movement  and  the  solidity  of  the  hill  was  never  doubted.  Subse- 
quent to  the  break  on  the  east  side,  a  gi-adual  but  general  breaking  up  of  the  west  bank 
followed,  and  the  crack  on  the  slope  increased  in  size  and  new  ones  developed  farther 
up  tlie  hill,  until  finally  one  extended  to  the  elevation  of  480,  the  limit  of  the  present 
break.  The  movement,  into  the  cut  from  the  west  bank  occurred  early  in  August,  1915, 
when  a  section  of  Zion  Hill  broke  away  and  settled  down.  The  edge  of  the  break  on 
this  side  is  also  a  curve. 

The  movements  from  the  two  sides  are  toward  the  central  portion  of  the  inclosed 
area,  and  at  this  central  portion  is  the  obstruction  to  the  channel.  It  first  appeared  aa 
an  island  forced  up  from  1  he  bottom,  then  as  a  peninsida  projecting  from  the  east  bank, 
and  finally  was  pushed  entirely  across  the  channel  completely  closing  it.     *    *    * 

The  length  of  the  slides,  which  are  directly  opposite  each  other,  is  approximately 
2,200  feet  (the  channel  through  which  is  navigable  with  the  exception  of  GOO  feet); 
the  banks  are  300  to  350  feet  above  sea  level  on  the  east  and  extend  up  to  480  feet 
above  sea  level  on  the  west.  The  area  of  the  territory  affected  on  the  east  side  covers 
81  acres  and  on  the  west  78.5  acres. 
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Assuming  that  all  material  lying  above  planes  extending  from  the  outside  limits 
of  the  bottom  of  the  prism,  reference  40,  up  to  the  limits  of  the  breaks,  will  move 
into  the  cut,  7,000,000  cubic  yards  will  have  to  be  removed  before  the  elides  are 
entirely  stopped.  Mr.  Comber,  resident  engineer  of  the  dredgmg  division,  assumed 
a  surface  parallel  to  the  siu-face  existuig  on  October  14,  the  date  of  the  last  complete 
survey,  and  45  feet  below  it,  on  which  basis  13,000,000  cubic  yards  would  be  the 
quantity  to  be  handled.  He  thinks,  however,  that  a  mean  between  the  two  amounts 
may  be  more  nearly  coiTect,  which  was  the  method  of  arriving  at  the  10,000,000  cubic 
yai'd  figure  which  has  appeared  in  the  press.  It  is  at  best  only  a  guess.  It  must  not 
be  inferred  from  this  that  the  canal  will  be  closed  until  this  amount  is  dredged,  for 
such  is  not  the  case;  on  the  contrary,  it  is  the  intention  to  pass  ships  as  soon  aa  the 
channel  is  secured  through  the  remaining  600  feet,  and  there  are  reasonable  groimds 
for  assuming  that  a  channel  through  the  obstructed  area  can  be  maintained. 

The  active  West  Culebra  slide  extends  2,900  feet  along  the  canal  and 
1 ,350  feet  at  right  angles  to  it,  measured  from  the  axis  of  the  ciinal 
to  the  farthest  point  of  the  slide. 

Of  the  slides  now  quiescent,  the  most  important  is  the  Cucaracha. 
Gen.  Goethals  writes  of  it,  in  the  article  already  mentioned : 

On  January  20,  1913,  a  break  occurred  at  Cucaracha  by  which  the  rock  bluff  which 
was  holding  back  the  upper  mass  of  clay  broke  at  or  below  the  bottom  level  of  the 
canal,  completely  filling  the  prism  with  clay  and  rock,  reachmg  to  69  feet  above 
sea  level  on  the  opposite  or  west  side  of  the  cut.  The  length  of  the  prism  so  filled 
was  1,600  feet.  Steam  shovels  were  scarcely  able  to  keep  pace  with  the  movement, 
tracks  were  covered  and  disarranged,  shovels  overturned,  and  the  difficulties  of  trans- 
portation increased,  since  only  tail  tracks  sufficient  for  two  or  three  cars  could  be  main- 
tained. Fm-thermore,  the  soft  material  increased  the  difficulties  of  the  dimips.  As 
the  movement  continued  the  clay  broke  farther  and  farther  up  the  hillside. 

The  Cucaracha  slide,  as  stated,  extended  1,600  feet  along  the  canal 
and  1,880  feet  at  right  angles  to  it. 

Dominant  imijortance  of  the  three  great  slides. — According  to  Mr. 
W.  G.  Comber,  resident  engineer  in  charge  of  dredging,  the  acreage 
of  the  three  great  slides  is  as  f oUows : 

West  Culebra  slide 60.  8 

East  Culebra  slide 70.  5 

Cucaracha  slide 60.  4 

Total 201.  7 

In  contrast  with  this,  the  total  area  of  all  other  slides  is  112  acres. 

The  dominance  of  the  throe  great  slides  appears  even  more  marked 
when  the  amounts  of  excavated  and  moving  material  are  considered. 
Mr.  Comber's  figures  for  excavation  accomplished  to  December  30, 
1915,  are: 

Cubic  yards. 

West  Culebra  slide 10,  931,  862 

East  Culebra  slide 14,  687,  563 

Cucaracha  slide 9,  901,  602 

Total ' 35,  521,  027 

In  contrast  with  tliis  amount,  the  total  excavations  for  the  other 
slides  to  the  same  date  have  been  4,852,648  cubic  yards. 

If  the  amounts  of  material  stiU  to  be  removed  are  compared,  the 
dominance  of  the  three  great  slides  is  maintained.  It  is  estimated 
that  on  December  30,  1915,  there  remained  to  be  excavated: 

Cubic  yards. 

West  Culebra  slide 3,  500, 000 

East  Culebra  slide 5,  600,  000 

Cucaracha  slide 500, 000 

Total 9,  600,  000 
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The  total  amount  still  to  be  removed  from  all  other  slides  is  esti- 
mated at  the  insignificant  amount  of  330,000  cubic  yards.  It  thus 
appeal's  that  the  amount  of  material  already  excavated  and  still  to  be 
removed  from  the  three  great  slides  is  estimated  at  45,121,027  cubic 
yards,  whereas  the  corresponding  amomit  for  all  the  other  slides  is 
5,182,648  cubic  yards,  or  about  one-ninth  as  much. 

The  foreo;oing  facts  are  conclusive  as  to  the  dominant  importance 
of  East  Culebra,  West  Culebra,  and  Cucaracha  slides. 

Since  the  three  great  slides  are  all  m  tlie  Culebra  District,  this  is  the 
chief  area  of  danger.  Tiiis  is  the  natural  consequence  of  the  fact  that 
by  far  the  deepest  part  of  the  canal  cut  is  in  this  district,  and  that  the 
weakest  of  the  geological  formations,  the  Cucaracha,  is  strongly  devel- 
oped here. 

Slides  may  occur  in  other  parts  of  the  canal,  but  they  wiU  be  rela- 
tively small  and  infrequent,  for  the  banks  are  not  high  and  the  unstable 
ground  has  already  slid  down  so  that  its  surface  has  approached  the 
angle  of  repose.  Should  slides  occur,  they  are  not  likely  to  menace 
the  operation  of  the  canal.  Slides  great  enough  seriously  to  obstruct 
traffic  in  the  canal  could  occur  only  in  the  Culebra  District,  which  is 
but  1  mile  long.  The  possibility  of  gre^t  slides  in  this  section  has 
therefore  claimed  the  most  careful  consideration  of  the  committee. 

General  features  of  the  Culehra  District. — In  order  that  the  views  of 
the  committee  may  be  clearly  conveyed,  it  is  necessary  briefly  to  men- 
tion and  to  illustrate  by  a  map  and  photographs  the  more  important 
features  of  the  Culebra  District. 

The  canal  here  traverses  the  highest  land  in  its  course.  On  the  east 
side,  rising  abruptly  from  the  canal,  is  Gold  Hdl.  This  is  the  highest 
hill  near  the  canal;  it  reaches  a  height  of  660  feet  above  sea  level,  or 
620  feet  above  the  bottom  of  the  canal.  It  is  composed  mainly  of 
hard  intrusive  basalt  and  hard  tuff  nearly  smTounded  bv  basalt.  It 
separates  the  Cucaracha  slide  on  the  south  from  tlie  ifiast  Culebra 
slide  on  the  north.  These  slides  have  caused  great  breaks  in  the 
north  and  south  flanks  of  Gold  Hill,  leaving  nearly  vertical  cliffs, 
which  are  275  feet  high  on  the  south  flank.  On  the  opposite  western 
side  of  the  canal  there  are  tliree  prominent  hills,  Culebra,  Zion,  and 
Contractors  HiU,  in  order  from  south  to  north.     Their  elevations  are: 


Abo\-e 

sea 
level. 

Above 
bottom 
of  canal. 

Contractors  Hill. ..                           

415 
570 
390 

375 

Zion  Hili 

530 

Culebra  Hill 

350 

Zion  Hill  is  of  intrusive  basalt,  the  other  two  mainly  of  hard  tuff 
with  some  basalt.  Contractors  Hill  nearly  touches  the  waters  of  the 
canal  opposite  Cucaracha  slide.  Zion  and  Culebra  Hills  stand  about 
1,500  and  1,200  feet,  respectively,  from  the  canal,  and  in  front  of  them 
lies  the  West  Culebra  slide.  The  slide  has  caused  breaks  in  both  of 
these  hills.  In  the  eastern  front  of  Culebra  Hill  a  road  was  carried 
down  and  a  number  of  houses  had  to  be  removed;  cracks  roughly 

Earallel  to  the  canal  have  formed  for  a  distance  of  about  100  feet 
eyond  the  prominent  break,  which  seems  to  be  the  western  limit  of 
the  slide  at  the  present  time,  and  extend  to  ^^athin  250  feet  of  the 
summit  of  the  hill.     Zion  Hill  also  has  suffered;  a  large  mass  has 
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fallen  from  its  eastern  face,  leaving  a  vertical  cliff,  whose  edge  is 
only  about  50  feet  from  the  top  of  the  liill.  Contractors  Hill  has  not 
been  affected  b^  the  slides. 

The  great  sbdes  occur  in  the  low  ground  adjacent  to  these  hills, 
where  a  lai^e  amount  of  softer  rocks  had  already  been  removed  by 
natural  erosion  before  the  excavation  of  the  canal  was  begun. 

Relations  of  the  great  slides  to  the  hiUs. — The  Cucaracha  slide  is 
mainly  confined  to  the  area  between  Gold  Hill  and  a  subordinate 
basalt  mass  to  the  south.  It  extends  from  the  canal  for  a  consider- 
able distance  east  of  the  crest  of  Gold  Hill,  and  its  head  reaches  the 
subordinate  divide  to  the  east.  It  is  estimated  that  the  Cucaracha 
shde  drains  an  area  of  80  acres.  The  slide  is  sharply  limited  on  the 
north  by  the  break  in  Gold  Hill  already  mentioned,  which  extends 
approximately  at  right  angles  to  the  canal;  its  southern  limit  is  not 
so  well  defined. 

The  limit  of  tlie  East  Culebra  slide  is  sharply  marked  on  the  south 
by  the  break  through  the  north  part  of  Gold  Hill  which  runs  approxi- 
mately at  right  angles  to  the  canal.  The  northern  boundary  is  not  so 
sharply  marked.  The  slide  extends  slightly  beyond  the  subordinate 
divide  on  the  east,  so  that  east  of  the  slide  the  drainage  is  away  from 
the  canal. 

The  West  Culebra  slide  is  lunited  on  the  south  by  breaks  beginning 
at  the  canal  some  distance  north  of  Contractors  Hill,  on  the  west  by 
breaks  which  are  sharply  defined  in  Zion  Hill,  and  less  sharply  in 
Culebra  Hill.  In  the  narrow  valleys  between  Culebra  and  Zion  Hills 
and  between  Zion  and  Contractors  Hills  the  break  extends  beyond  the 
divide,  and  the  drainage  is  to  the  west. 

Possible  extensions  of  the  great  slides. — The  very  important  question 
now  arises,  Will  the  great  slides  extend  their  limits  and  cause  further 
serious  trouble  ? 

In  general,  the  committee  believes  that  no  great  extension  of  these 
sUdes  is  probable,  because  the  soft  rock  constituting  a  very  large  part 
of  the  slides  is  quite  limited  in  extent,  except  east  of  the  East  Culebra 
slide,  and  conditions  elsewhere  are  unfavorable  for  extensions. 

The  Cucaracha  slicie  can  not  greatly  extend  its  area  on  account  of 
the  basaltic  intrusions  which  surround  it,  but  its  eastern  and  south- 
ern limiting  banks  are  still  breaking  down,  and  the  movement  of  the 
slide  may  be  revived  to  a  small  degree.  Plugs  or  branches  of  intru- 
sive basalt  standing  as  obstructions  across  the  former  course  of  the 
slide  restrain  its  movement,  but  the  strength  of  these  obstructions 
can  not  be  determined  from  present  exposures. 

The  West  Culebra  shde  is  pretty  definitely  limited  on  the  west  by 
the  hard  rocks  of  Culebra  and  Z'ion  Hills,  l3ut  between  the  active 
part  of  the  slide  and  Contractors  Hill  there  is  a  considerable  mass  of 
the  Cucaracha  formation,  wliich  seems  never  to  have  taken  part  in  the 
shdes.  The  effect  on  this  mass  of  the  settling  of  the  adjacent  moving 
material  can  not  certainly  be  predicted.  Indeed,  it  is  not  impossible 
that  a  considerable  part  of  it  may  finally  be  set  in  motion,  but  the 
mass  involved  will  be  small  in  comparison  with  the  active  West 
Culebra  slide. 

East  of  east  Culebra  slide  the  soft  formation  continues,  but  the 
slope  is  gently  away  from  the  canal.  Additions  to  the  slide  to  the 
east  are  possible,  l)ut  because  of  the  slope  and  increased  distance 
from  the  canal  such  possible  additions  would  be  in  decreasing  volume. 
Gold  Hill  limits  the  slide  to  the  south. 
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THE    SOLIDITY    OF    THE    HILLS    OF    CULEBRA    DISTRICT. 

In  addition  to  the  danger  of  the  shdes,  is  there  danger  that  the 
canal  may  be  blocked  by  the  fall  of  the  hills  of  Culebra  District  ? 

These  hills  are  composed  of  intrusive  bodies  of  basalt  or  of  masses 
of  the  hard  Obispo  tuff  commonly  associated  with  basalt  in  this  dis- 
trict. So  far  as  can  be  judged  from  present  exposures,  they  do  not 
rest  on  the  soft  Cucaracha  formation,  but  extend  far  into  the  earth 
and  are  self-supporting.  Rock  may  slough  off  from  them,  but  there 
is  no  evidence  that  they  will  collapse. 

Culebra  and  Zion  Hills. — The  hard  tuff  of  Culebra  Hill  practically 
limits  the  West  Culebra  slide  in  front  of  it.  Cracks  have  formed  in 
the  tuff,  and  it  is  probable  that  some  of  the  rock  will  break  off  as  the 
slide  settles.  Zion  Hill  is  a  basaltic  intrusion,  and  much  rock  has 
fallen  from  its  face;  more  may  follow.  But  tlie  total  amount  that 
may  fall  will  only  make  a  relatively  small  addition  to  the  upper  part 
of  the  West  Culebra  slide. 

Gold  and  Contractors  Hills. — Gold  and  Contractors  Hills  rise  steeply 
from  the  banks  of  the  canal  for  410  feet  and  260  feet  above  the  bot- 
tom of  the  canal,  respectively,  and  then  slope  more  gently  to  their 
summits.  They  are  nearly,  but  not  exactly,  opposite  each  other. 
Gold  Hill  is  chiefly  composed  of  basalt,  which  formerly  spread  out 
near  its  top,  and  was  partially  supported  on  the  softer  Cucaracha 
formation.  When  the  East  Culebra  and  Cucaracha  slides  became 
active  the  support  was  removed,  and  a  large  mass  of  the  basalt  fell 
from  the  northern  and  southern  sides  of  the  hill.  The  lower  part  of 
Gold  Hill  on  the  side  toward  the  canal  is  made  up  of  hard  Obispo 
tuff,  bounded  by  a  basalt  dike, -and  there  is  little  danger  that  it  will 
yield. 

Contractors  Hill  is  of  hard  Obispo  tuff,  which  is  separated  from  the 
Cucaracha  by  a  fault  which  dips  into  the  hill  at  an  angle  of  60  or  70 
degrees  with  the  horizontal.  There  is  a  possibility  that  this  part  of 
the  hill  depends  more  for  its  support  on  the  Cucaracha  beds  than 
seems  probable,  and  as  a  measure  of  precaution  all  reasonable  means 
should  be  taken  to  keep  the  Cucaracha  beds  in  place,  and  especially 
the  fault  fissure  should  be  kept  closed  to  prevent  water  seeping  in. 
If  the  borings,  suggested  later,  to  reveal  the  underground  structure, 
show  that  these  precautions  are  unnecessary,  they  can  bo  discon- 
tinued. 

The  excavation  of  the  canal  and  borings  in  its  bottom  show  that  a 
narrow  belt  between  the  two  hills  is  composed  of  tlio  soft  Cucaracha 
beds ;  yet  to  the  present  time  there  has  been  no  upheaval  of  the  bot- 
tom of  this  part  of  the  canal,  nor  any  other  sign  to  indicate  that  the 
hills  liave  settled.  It  is  believed,  therefore,  that  the  great  masses 
of  Gold  and  Contractors  Hills  are  self-supporting  and  will  remain  so. 
There  is  no  occasion  to  raze  them. 

CAUSES    OF   THE    SLIDES. 

On  account  of  their  magnitude,  tli:>  landslides  have  received  serious 
consideration  since  the  early  days  of  the  canal.  But  before  measinvs 
for  their  control  are  taken  up  it  is  necessary  briefly  to  discuss  tlieir 
causes. 
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Tlio  slides  in  the  Canal  Zone  arc  essentially  like  man}^  in  other  parts 
of  the  world;  they  are  due  to  the  inability  of  the  earth  or  rock  to  sup- 
port the  weight  of  overlying  material.  Slow  processes  of  natural 
erosion,  rapicl  cutting  by  flooded  streams  and  excavations  by  man 
frequently  lead  to  Lindslides,  Much  of  the  canal  is  cut  through  weak 
rocks,  and  in  the  Culebra  District  the  prism  is  exceptionally  deep. 
It  is  clear  that  the  conditions  there  are  very  favorable  for  shdcs. 

The  weakness  of  the  rocks  is  due  to  several  causes: 

Character  of  tlie  roclcs  of  the  Culebra  District. — The  7'ocks  of  Culebra 
District  are  of  two  kinds — stratified  and  massive.  The  chief  material 
involved  in  the  slides  is  the  stratified  Cucaracha  foimation.  It  is 
greenish  gray  in  color,  largely  composed  of  clayey  material  with  some 
layers  of  rather  finely  banded  volcanic  sandstone  or  tuff,  only  wcaldy 
consolidated.  The  Cucaracha  beds  are  limited  along  the  Hne  of  the 
canal  to  the  Culebra  District,  but  they  have  a  thickness  in  places  of 
over  400  feet.  The  soft  slippeiy  nature  of  its  materials  and  their 
loose,  unconsolidated  condition  make  it  imusuaily  weak  and  unable 
to  sustain  any  considerable  load. 

The  Cucaracha  beds  alone  are  responsible  for  the  great  slides.  The 
Obispo  tuff  is  a  rather  coarsely  fragmental  rock,  rouglJy  stratified; 
masses  of  the  tuft'  and  of  the  massive  columnar  basalt  have  broken 
from  the  hiUs  and  added  some  material  to  the  slides,  but  they  have 
had  no  part  in  starting  them. 

Structural  wealcness. — The  rocks,  both  stratified  and  massive,  as 
shown  by  the  v/ork  of  Mr.  MacDonald,  are  cut  by  numerous  faults, 
and  tliis  is  true  of  the  rocks  throughout  the  Gaillard  Cut.  Where 
there  is  a  faidt,  the  rocks  have  previously  been  broken,  and  therefore 
present  a  place  of  exceptional  weakness.  Some  of  the  smaller  slides 
outside  the  Culebra  District  are  limited  by  faults. 

An  important  source  of  weakness  is  the  fracturing  of  the  rocks  by 
complex  sets  of  joints.  They  occur  in  both  stratified  and  massive 
rocks.  The  friable  parts  of  the  Cucaracha  formation  are  broken  by 
joints  into  fragments  of  various  sizes  down  to  a  fraction  of  an  inch. 
The  massive  rocks  are  fractured  in  every  direction  by  joints  on  a  much 
larger  scale. 

EartJiquaJces. — A  consideration  of  the  er.rthquakes  felt  in  the  Canal 
Zone  and  a  careful  examination  of  the  instrumental  records  kept  near 
the  Pacific  end  of  the  canal  since  the  end  of  1908  dispel  fear  of  serious 
damage  to  tlie  canal  or  its  accessories  by  earthquakes.  A  number  of 
pretty  sharp  shocks  have  been  felt  in  tlie  Zone,  but  they  have  origi- 
nated at  a  distance  of  about  120  miles  from  the  Zone.  A  few  fairly 
sharp  shocks  had  their  origin  about  80  miles  distant,  and  two  or  three, 
which  were  not  felt  and  wliich  made  a  very  feeble  record  on  the  deli- 
cate seismographs,  were  much  nearer.  At  the  time  of  the  very  sharp 
shocks  of  October,  1913,  a  prism  of  earth  60  feet  high  and  witJi  a  base 
of  about  100  square  feet  broke  off  the  steep  slope  near  the  top  of  the 
Cucaracha  slide ;  this  is  quite  insignificant.  There  is  no  evidence  that 
any  of  the  slides  have  been  started  or  increased  by  earthquakes. 

The  heavy  rainfall. — Investigations  in  many  parts  of  the  world  have 
shown  that  excessive  water  in  the  ground  is  a  great  promoter  of  land- 
slides. The  strength  of  the  Cucaracha  clays  is  greatly  decreased  by 
the  presence  of  water,  and  the  heavy  tropical  rains  keep  them  nearly 
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saturated  the  greater  part  of  the  year,  for  the  broken  and  irregular 
surface  of  the  slides  and  the  open  cracks  around  their  borders  greedily 
drink  in  the  water  that  falls  upon  them. 

In  tiie  Culebra  District  the  average  rainfall  since  1884  has  been 
87.68  inches  per  annum,  and  during  the  time  of  the  excavation  of  the 
canal  it  has  been  84.75  inches  per  annum.  Moreover,  tliis  rainfall  is 
almost  wholly  concentrated  in  eight  months  of  the  year.  The  aver- 
age for  the  rainy  months  during  the  period  of  excavation  of  the  canal 
by  the  United  States,  from  the  middle  of  April  to  the  middle  of 
December,  has  been  80.01  inches.  Wliere  nearly  7  feet  of  water  faU 
upon  the  surface  of  the  comitry  within  eight  months  of  the  year,  it  is 
not  surprising  that  there  is  difficulty  in  controlling  the  miderground 
seepage.  Indeed  during  these  months  the  ground  water  table  is 
practically  at  the  surface,  except  possibly  on  the  steeper  slopes,  and 
the  movement  of  the  midergromid  water  is  so  slow  that  even  in  the 
dry  season  the  water  table  is  not  far  from  the  surface  in  the  level 
country.  The  New  French  Company  found  that  the  water  table  at 
the  two  points  of  the  East  Cidebra  slide  was  6  and  16  feet  below  the 
surface,  respectively.  On  the  summit  of  Gold  Hdl  the  ground  water 
falls  40  feet  below  the  surface  in  the  dry  season,  as  indicated  by  the 
zone  of  weathering. 

REMEDIAL    MEASURES. 

AH  shde  material  which  reaches  the  canal  must,  of  course,  be  removed 
at  a  certain  expense  and  inconvenience.  This  work  is  being  prose- 
cuted by  the  engineers  with  great  vigor.  They  estimate  that  about 
9,000,000  cubic  yards  will  have  to  be  removed  between  the  two  Cule- 
bra slia(>s,  and  the  dredges  can  remove  1,000,000  cubic  yards  a  month. 
But  it  must  not  be  supposed  that  the  canal  will  remain  closed  for  nine 
months.  As  soon  as  the  channel  has  been  sufficiently  deepened  and 
the  movement  of  the  slides  becomes  so  slow  that  the  dredges,  even 
when  interrupted  by  the  passage  of  ships,  can  more  than  keep  pace 
witJi  them,  the  canal  may  be  opened  for  navigation.  This  time  is 
probably  not  far  off. 

The  committee  beheves  that  some  sliding  ground  will  continue  to 
enter  ttie  canal  for  several  years  to  come,  thougli  in  diminisliing 
amounts.  Any  relatively  inexpensive  measures  wJiicli  tend  to  arrest 
the  present  active  slides  or  wliich  promise  to  reduce  the  charge  against 
maintenance  of  the  canal  in  the  futm'e  are  fully  warranted. 

The  composition  of  the  rocks,  their  structural  weakness,  and  earth- 
quakes are  D(\yond  the  control  of  man,  but  a  partial  control  of  ground 
and  rain  water  and  tJie  relief  of  pressure  by  unloading  certain  areas 
are  f(>asible,  and  the  committee  wdl  confine  its  suggestions  to  these 
measures. 

Control  of  the  water. — As  early  as  the  time  of  the  first  French  Com- 

Sany  the  advantage  of  controlling  the  water  was  recognized,  and  the 
ew  French  Company  made  several  attempts  to  keep  the  water  out 
of  the  relatively  small  shdes  of  their  time  by  surface  drains  and  tun- 
nels, but  with  only  partial  success.  The  committee  believes  that 
every  available  and  practicable  device  should  be  used  to  turn  the 
water  falling  as  rain  from  all  ground  that  is  sliding  and  prevent  its 
entering  adjacent  ground,  and  it  suggests  the  following  measures: 

1.  Covering  slopes  with  vegetation:  Whether  vegetation  increases 
or  decreases  the  amount  of  rainfall  entering  the  ground  is  still  a  moot 
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question.  The  committee  l)elicves,  liowever,  tliat  threatening  ground 
bordering  the  slides,  quiescent  slides,  and  so  far  as  practicable,  active 
slides  themselves,  should  be  sufficiently  covered  with  vegetation  to 
prevent  surface  wasli. 

2.  Closing  peripheral  cracks:  Before  extensive  movements  of  the 
ground  occur,  warning  is  frequenth^  given  by  tiie  appear?)  nee  of  cracks 

f)eripiieral  to  the  coming  slide.  In  some  instances  cracks  exist  for  a 
ong  time  before  important  movements  tiiko  place.  They  are  well 
illustrated  upon  Culebra  Hill,  west  of  the  great  break.  As  soon  as  they 
are  formed  they  should  be  filled  up,  in  order  tliat  they  may  not  inter- 
cept surface  water  and  lead  it  into  the  slide. 

3.  Drainage  of  undisturbed  and  threatened  areas:  Undisturbed  and 
threatened  areas  near  the  slides  should  be  thoroughly  drained  both  by 
surface  and  by  tile  drainage,  to  keep  as  much  water  out  of  tliem  as 
possible,  for  they  may  become  unstable  and  they  may  su])ply  water 
to  the  slides.  The  drainage  water  should  be  carried  from  the  neigh- 
borhood of  the  slides  as  directly  as  practicable.  Experiments  with 
tile  drainage  on  a  small  scale  would  soon  show  whether  it  is  efl'ective 
enough  to  justify  its  extension.  The  surfaces  of  the  ground  east  of  the 
East  Culebra  slide  and  in  places  west  of  the  West  Culebra  slide  slope 
away  from  the  adjoining  slides  and  the  water  can  be  readily  removed. 
But  a  considerable  area  above  the  Cucaracha  slide  drains  naturally 
into  it.  Some  of  the  drainage  can  be  diverted  to  the  east,  but  the 
rest  should,  so  far  as  possible,  be  collected  by  surface  and  tile  drains 
and  be  carried  to  the  canal  through  a  large  concrete-lined  surface 
drain. 

4.  Drainage  of  the  great  slides :  A  complete  system  of  open  drains 
should  be  established  on  the  great  slides  and  the  water  carried  away 
as  directly  as  possible.  The  main  drains  should  be  made  impervious 
on  the  Cucaracha  and,  so  far  as  practicable,  on  the  two  Culebra  slides. 

5.  Drainage  by  tunnels:  Drainage  by  means  of  tunnels  might  be 
adapted  to  a  few  special  cases,  but  should  be  tried  mth  caution,  and 
extended  only  in  cases  v.iiich  promise  results  commensurate  with  the 
cost.  The  tunnels  should  be  built  underneath  the  shding  ground  in 
the  undisturbed  material  and  strongly  timbered  so  as  to  avoid  risk  of 
coUapse,  which  would  not  only  destroy  the  tunnel  but  would  also  dis- 
tm-b  the  overlying  material.  From  the  main  tunnel  smaller  branches 
may  be  extended  into  the  material  to  be  drained  and  frequent  borings 
made  from  the  surface  to  conduct  drainage  water  to  the  tunnels  from 
the  overl}dng  strata.  Such  a  system  would  be  expensive,  but  might 
be  effective  in  draining  the  area  tapped  by  it. 

Belief  of  'pressure. — -It  is  suggested  that  a  cut  be  made  by  sluicing 
in  the  East  Culebra  shde,  starting  at  an  appropriate  point  on  the 
canal  and  diverting  from  it  diagonally  in  a  general  southeasterly 
direction,  in  the  zone  of  gentle  slopes  and  in  such  a  position  as  to 
reach  the  large  pond  which  now  exists  on  the  slide.  This  cut  would 
partly  separate  the  rougldy  rectangular  slide  into  two  approximately 
triangular  parts,  and  the  adjoining  ground  could  be  sluiced  along  it 
into  the  canal.  It  would  provide  a  main  dj-ainage  line  for  the  ground 
on  both  sides  of  it,  would  empty  the  surface  ponds  and  would  lower 
the  ground  water  in  adjacent  sliding  material.  The  pressure  of  the 
triangle  of  ground  in  the  rear  of  the  cut  against  the  triangle  in  front 
of  it  would  be  lessened ;  and  it  is  probable  that  movement  in  the  for- 
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ward  part  of  the  slide  would  cease  sooner  than  it  would  other\vise. 
When  the  cut  is  once  established  it  offers  a  second  line  of  defense 
against  the  slide  by  making  it  possible  to  work  along  two  fronts. 

A  somewhat  similar  cut  should  be  made  in  the  West  Culebra  slide. 
It  shoidd  begin  at  the  main  drainage  line  opposite  Culebra  Hill  and 
extend  diagonally  from  the  canal  in  a  general  southerly  direction,  and 
should  drain  the  existing  pond. 

STUDIES    FOR    THE    FUTURE. 

In  addition  to  the  innnediate  remedial  measures  suggested  above, 
there  are  certain  observations  and  protective  measures  which  should 
be  undertaken  with  a  view  to  the  future. 

Detection  of  movements  of  earth  or  roclc. — ^A  few  slides  are  now  in 
motion,  but  many  more  are  quiescent.  A  sHde  is  not  necessarily 
''dead"  because  it  has  not  moved  notably  for  a  few  years.  Its 
stabihty  may  hang  on  a  delicate  balance  wliich  may  be  disturbed  by 
some  slowly  developing  weakness.  There  is  also  a  bare  possibihty 
that  Gold  and  Contractors  HiUs  are  not  so  firmly  supported  as  they 
are  believed  to  be.  Repeated  surveys  of  properly  placed  signals  for 
a  number  of  years  to  come  should  be  made  in  order: 

{a)  To  indicate  in  good  time  where  additional  work  of  prevention 
is  needed,  to  indicate  how  large  a  dredging  fleet  must  be  kept  in 
readiness,  and  to  furnish  to  the  engineer  of  maintenance  advance 
indications  of  emergency  concUtions. 

(6)  To  test  the  effectiveness  of  remedial  measures  wliich  may  be 
taken  to  control  or  prevent  sHdes.  These  tests  would  be  more  sensi- 
tive and  definite  than  the  mere  occurrence  or  nonoccurrence  of  slides. 

(c)  To  furnish  a  reliable  basis  for  confidence  when,  in  the  course  of 
time,  it  appears  that  the  earth  and  rock  movements  have  so  decreased 
that  a  condition  of  stabihty  may  be  inferred. 

Gore  borings. — Definite  information  relative  to  the  rock  underlying 
Gold  and  Contractors  Hills  is  wanting.  Many  years  ago  some  borings 
were  made  at  stations  500  feet  apart  along  the  center  line  of  the  canal, 
some  of  them  to  a  depth  of  40  feet  below  sea  level. 

Two  or  three  core  borings  should  be  made  on  each  side  of  the  canal 
with  a  drill  which  would  give  large  cores.  At  least  one  horizontal  and 
one  incUned  hole  should  be  bored  on  each  side,  their  precise  location  to 
be  fixed  by  a  geologist. 

Underground  water  and  related  data. — As  underground  water  is  of 
paramount  importance  in  promoting  shdes,  it  should  be  carefully 
stutUed  in  the  Canal  Zone.  A  satisfactory  investigation  oi  this 
problem  would  require  the  follomng  determination  and  studies: 

1.  Profiles  of  water  table  for  different  locaUties  of  the  Culebra 
District: 

(a)  In  the  wet  and  dry  seasons; 

(6)  In  areas  in  which  remedial  measures  have  been  ai^plicd  and 
similar  areas  where  they  have  not. 

2.  Percentage  of  porosity  of  the  several  formations  of  the  Culebra 
District: 

(a)  Absolute. 

(6)  With  regard  to  size  of  grain. 
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3.  Tlie  cfToot  of  tropical  vojijetaiion  with  the  accompanying  humus, 

its  removal  and  its  restoration,  on: 
(a)  The  amount  of  water  which  sinks  underground  in  sliding 

and  in  undisturbed  areas, 
(]))  Chemical  action,  such  as  oxidation,  hydration,  carbonation, 

etc. 

(c)  Tlie  composition  of  the  water. 

(d)  Changes  in  underground  temperatures. 

4.  The  nature  of  the  changes  which  result  in  the  disintegration  and 

decomposition  of  the  various  rocks  of  the  Culcbra  District 

when  exposed  to  weathering  agencies : 
(rt)   With  regard  to  volume. 

(6)  With  regard  to  chemical  changes,  i.  e.,  oxidation  hydration, 
carbonation,  action  of  acids,  etc. 

5.  Tlie   chemical   changes   which   cause   the   so-called   hot    areas 

described  by  Col.  Gaillard  and  Mr.  MacDonald: 
(a)  Direct,  in  production  of  acids,  etc. 

(6)  IncUrect,   i.    e.,   the   effect   of  produced   acids   upon   the 
materials,  including  water  and  rock. 

6.  Observations  to  determine  whether  similar  changes  to  those  in 

the  hot  areas  take  place  elsewhere  to  a  less  extent  over  large 
areas,  and  whether  such  changes  affect  the  slides. 

Mechanical  testing  of  tlie  rocJcs. — Shding  is  largely  dependent  upon 
the  strength  of  the  rocks;  wliich  in  turn  is  affected  by  the  water 
content.  The  strength  of  the  massive  igneous  rocks  is  well  known 
to  be  great,  and  need  not  be  determined.  But  the  Obispo,  Cucaracha, 
and  other  formations  of  the  Gaillard  Cut  should  have  their  strength 
tested  when  saturated  with  water,  when  moist  and  when  dry;  and 
under  rapid  and  slow  deformation.  If  the  tests  show  that  much  less 
force  is  required  to  deform  the  rocks  when  saturated  or  moist  than 
when  dry,  tliis  will  emphasize  the  importance  of  keeping  the  water 
from  these  rocks  so  far  as  possible. 

The  tests  should  be  made  on  fresh  rocks  and  therefore  in  the  Canal 
Zone.  The  specimens  tested  should  be  as  large  as  is  feasible  for  a 
testing  macliine  of  200,000  pounds  capacity. 

Earthquake  studies. — There  are  now  two  seismographs  installed  in 
the  Administration  Building  at  Balboa  Heights.  It  would  be  an 
advantage  if  the  sinaUer  instrument  should  be  removed  to  a  second 
station,  for  instance  Colon,  in  order  that  the  origin  of  earthquakes, 
occurring  in  regions  vvitliin  two  or  three  hundi*ed  miles  of  the  Canal 
Zone,  may  be  more  definitely  determined.  Some  of  the  stronger 
shocks  felt  in  the  Zone  have  tlirown  the  needles  of  the  dehcate  seismo- 
graphs off  the  paper  and  left  the  records  incomplete.  A  low-power 
instrument,  magnif^dng  about  four  times  would  secm^e  a  record  of  the 
movements  of  the  ground  in  these  cases. 

GEUERAL    CONCLUSIONS. 

It  is  obvious  that  the  sliding  material  wliich  enters  the  canal  must 
be  removed.  The  important  tiling  for  the  future  is  to  prevent  ground 
from  entering  the  canal.  The  chief  remedy  proposed  by  the  com- 
mittee to  retard  the  movement  of  the  shdes  now  in  motion  and  to 
prevent  the  shdes  from  extending  their  areas,  is  to  reduce  the  amount 
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of  water  which  goes  underground.  Methods  have  been  suggested  by 
which  this  can  be  done;  and  they  should  be  vigorously  applied  to  all 
moving  and  threatening  areas. 

The  committee  looks  to  the  future  of  the  canal  with  confidence.  It 
is  not  unmindful  of  the  labor  necessary  to  deal  with  the  present  slides; 
and  it  reahzes  that  slides  may  be  a  considerable,  but  not  an  unreason- 
ably large  maintenance  charge  upon  the  canal  for  a  number  of  years; 
it  also  reahzes  that  trouble  in  the  Culebra  District  may  possibly 
again  close  the  canal.  Nevertheless,  the  committee  fu-mly  believes 
that,  after  the  present  difhcidties  have  been  overcome,  navigation 
through  the  canal  is  not  likely  again  to  be  seriously  interrupted. 
There  is  absolutely  no  justification  for  the  statement  that  trafiic  wiU 
be  repeatedly  interrupted  during  long  periods  for  yeare  to  come. 
The  canal  will  serve  the  great  pm-pose  for  which  it  was  constructed, 
and  the  reahzation  of  that  j)urpose  in  the  near  future  is  assui-ed. 


APPENDIX  O. 
REPORT  OF  GEOLOGIST. 

Washington,  D.  C,  Sepiemher  8,  1916. 

Sir:  I  take  pleasure  in  sending  herewith  my  small  contribution  to 
your  annual  report   for  the  fiscal  year  just  past. 

Ajipended  to  the  report  is  a  copy  of  a  fairly  complete  table  of  the 
slides,  compiled  by  Mr.  Arthur  Raggi  under  my  general  direction. 

nSTTRODUCTION. 

In  the  latter  part  of  October,  1915,  the  writer,  while  makmg  an 
unofficial  trip  to  Central  America,  spent  two  days  on  the  Canal  Zone. 
Durmg  that  visit  he,  m  company  with  Gen.  Goethals  and  Col.  Hard- 
ing, made  a  brief  examination  of  the  large  slides  that  were  then 
active  on  both  sides  of  the  canal  and  which  had  blocked  the  channel  of 
Gaillard  Cut  near  Culebra.  After  the  examination,  the  writer,  with 
the  permission  of  Gen.  Goethals,  gave  to  a  press  representative,  in 
order  to  combat  the  pessimistic  ideas  with  regard  to  the  slide  condi- 
tions then  current  m  many  places,  except  on  the  Canal  Zone,  a  state- 
ment in  substance  about  as  follows: 

When  the  dredges  shall  have  completed  a  narrow  cut  through  the  blocked  part  of 
the  channel  so  that  dredges  and  barges  may  have  room  to  pass  and  to  attack  the  slides 
at  any  point,  the  end  of  slide  trouble  will  have  begun.  The  small  channel  thus  formed 
will  almost  surely  continue  to  be  made  wider  and  deeper  until  in  8  or  9  months'  time 
it  will  attain  well  toward  the  original  width  of  the  canal.  It  is  possible  that  the 
channel  may  become  closed  again  for  a  time  within  the  next  few  months;  but  when  the 
dredges  once  remove  all  of  the  material  now  moving,  the  channel  will  never  again  be 
closed  by  slides.  Small  slides  will  occur  from  time  to  time,  perhaps  for  a  period  of 
some  years.  These,  though  they  will  be  a  charge  against  maintenance,  will  not 
obstruct  traffic. 

It  was  thought  at  the  time  the  above  was  given  out  that  the  narrow 
channel  spoken  of  could  be  cut  through  the  slide  obstruction  by  the 
last  of  Xovember.  Owing  to  unforeseen  difficulties,  however,  the 
dredges  were  not  able  to  get  it  open  for  a  couple  of  weeks  after 
this  date.  With  this  small  exception,  the  predictions  then  made 
have  been  verified. 

RETURN    TO    THE    CANAL    ZONE    IN    DECEMBER,    1915. 

The  writer  had  been  m  Washmgton  a  few  days  after  returning 
from  his  unofficial  trip  to  Central  America,  when  a  cable  was  re- 
ceived from  Gen.  Goethals  askmg  that  he  accompany  to  the  Canal 
Zone  the  committee  from  the  National  Academy  of  Sciences,  which 
was  then  leaving  Washmgton  to  investigate  the  slide  conditions. 
In  compliance  with  this  request,  leave  was  obtamed  from  the 
Geological  Survey  and  the  writer  set  out  for  Panama  at  once,  arriv- 
ing there  on  December  20,  1915.  The  duties  to  be  performed  were 
entered  into  immediately,  and  consisted  in  assisting  the  "slide 
committee"  m  its  studies  wherever  possible.  The  writer's  former 
experience  and  special  knowledge  of  the  geologic  conditions  in 
GaUlard  Cut,  extending  over  a  period  of  some  years,  Gen.  Goethals 
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believed  would  help  tlio  committee  in  its  work,  especially  as  some  of 
the  geologic  features  had  become  obscured  by  slides  and  would  be 
difficult  to  trace  out  by  anyone  not  familiar  with  their  original 
form.  Instructions  from  Gen.  Goethals  were  to  render  the  com.- 
mittee  all  possible  service,  both  in  its  field  and  m  its  office  investiga- 
tions, and  these  instructions  were  gladly  carried  out, 

THROUGH    THE    IVIAILS    IVLVNY    SLIDE    CURES    AVERE    RECOMMENDED. 

The  matter  of  the  slides  had  been  so  widely  discussed  in  newspapers 
and  journals  that  it  was  a  familiar  subject  to  most  people  in  the 
United  States  and  to  many  people  in  foreign  countries.  One  of  the 
results  of  this  was  that  advice  of  all  kmds,  on  how  to  cure  the  slides, 
was  offered  to  the  canal  authorities.  Sheafs  of  letters  arrived,  and 
the  remedies  varied  from  those  whose  virtue  depended  upon  the 
occult  to  those  founded  upon  sound  engmcering  principles.  The 
writers  of  the  latter  type  of  letter,  some  of  them  emment  engineers, 
forgot,  perhaps,  that  it  is  always  wiser  to  be  sure  one  has  properly 
diagnosed  the  trouble  m  every  detail,  preferably  on  the  gromid, 
before  offering  a  remedy.  The  cures  offered  by  persons  with  more  or 
less  engineering  ability  were  mainly  of  two  kinds,  (a)  those  which 
proposed  to  strengthen  the  sliding  slopes  by  means  of  reinforced  con- 
crete, by  cementmg  the  ground,  by  freezing,  or  in  some  other  way; 
(b)  those  which  proposed  to  drain  off  all  of  the  imdcrgromid  water 
and  to  prevent  water  trom  entering  the  weak  rocks  at  the  surface, 
by  a  covering  of  asphaltum  or  other  waterproof  substance.  The  sug- 
gestions under  a  may  be  dismissed  with  the  statement  that  a  slide 
of  some  millions  of  cubic  yards,  which  gives  flowage-like  motion  to 
the  soft  rocks  to  a  depth  well  below  the  bottom  of  the  canal,  can  not 
be  held  m  place  by  remforcing  of  any  kmd,  except,  perhaps,  at  a  cost 
vastly  greater  than  that  of  digging  away  the  entire  slide  and  the 
ground  adjacent  to  it. 

All  plans  for  controlling  these  vast  slides  by  holdmg  them  back 
with  concrete  and  steel,  or  with  any  other  remforcing,  are  absolutely 
impracticable.  With  regard  to  the  suggestions  mider  h,  those_  for 
the  control  of  the  gromid  water,  the  writer  has  always  mamtained 
that  the  removal  of  all  the  moisture  from  the  sliding  rocks  would 
certamly  stop  the  sUdes.  However,  he  has  also  maintamed  that  the 
soft  rocks  which  slide  arc  so  fine  gramed  that  their  moisture  content 
can  not  be  removed  by  dramage  of  any  kmd  whatsoever  that  would 
be  practicable.  Of  course  the  fractured  sm'face  zone  ol_  the  slides 
should  bo  drained  where  practicable.  With  many  eminent  men 
insisting  that  dramage  be  at  least  tried,  it  became  necessary  either 
to  S])end  a  great  deal  of  money  in  ])uttmg  m  tunnels  and  wells  to  test 
the  drainage  idea,  or  to  make  some  inexpensive  tests  that  would  give 
positive  information  on  the  drainage  question.  In  conference  with 
rresident  Van  Hise,  chairman  of  the  committee,  it  was  agreed  that 
expermients  ol  the  latter  type  could  and  should  bo  carried  outas 
soon  as  possible.  A  geologist  with  special  knowledge  and  training 
in  underground  waters,  Prof.  W.  J.  Mead,  of  the  University  of  Wis- 
consin, was  therefore  invited  by  Gen,  Goethals  to  come  to  the  Isthmus 
and  to  carry  out,  in  cooperation  with  the  writer,  cx])erimcnts  on  the 
water  content  of  the  rocKS  that  were  sliding,  the  possibility  of  drain- 
ing them,  etc. 
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EXPERIMENTS   TO    DETERMINE    THE    WATER   CONTENT    OF   THE    RLIDINQ 
FORMATION    AND    THE    POSSIBILITY    OF    DRAINING    IT. 

After  Prof.  Mead's  arrival  a  dry  room  about  7  by  10  feet,  \yliere  a 
temperature  of  100°  C.  could  be  maintained,  was  secured.  Air-tight 
cans  for  taldng  8  to  15  pound  samples  of  the  rock  and  conserving  its 
moisture  content  until  the  samples  could  be  brought  to  the  labora- 
tory and  weighed  were  made.  Laboratory  space  for  determining 
the  specific  gravity  of  the  samples,  both  by  weighing  in  air  and  in 
water  and  by  the  pycnometer  method,  was  arranged  for. 

RESULTS    OF  THE    EXPERIMENTS. 

Wlien  all  was  ready  21  average  samples  of  the  Cucaracha  or  sliding 
formation  were  taken  from  below  the  water  level  of  the  canal.  These 
samples,  completely  saturated,  contained  12.20  per  cent  of  water  by 
weight,  or  27.8  per  cent  by  volume.  The  16  average  samples  taken 
from  well  above  the  level  of  ground  water,  where  the  rocks  were 
much  jointed  and  fractured,  and  therefore  perfectly  drained,  contained 
10.60  per  cent  of  water  by  weight.  As  shown  above,  12.2  per  cent 
of  water  by  weight  fills  all  of  the  pore  spaces  of  the  rock;  therefore 
10.6  per  cent  by  weight  fills  only  87  per  cent  of  them,  leaving  13  per 
cent  of  the  total  pore  space  as  having  been  emptied  by  drainage  and 
by  drying.  Now,  13  per  cent  of  27.8  per  cent  is  3.6  per  cent  of  the 
total  volume  of  the  rock.  Tliis  shows  that  natural  ch'ainage  of  the 
most  perfect  kind  would  not  remove  more  than  13  per  cent  of  the 
water  by  weight,  equivalent  to  3.6  per  cent  of  the  volume  of  the  rock. 
However,  most  of  the  samples  from  the  drained  rock  were  taken 
very  close  to  the  sm-f  ace,  so  that  very  likely  they  lost  some  of  their 
water  thi'ough  drying  out  by  the  heat  of  the  sun,  for  the  dry  season 
was  more  than  a  month  old  at  the  time  they  were  collected. 

These  facts  show  that  wliile  the  sliding  rocks  have  a  high  percent- 
age of  pore  space,  the  pores  are  mostly  of  capillary  size  and  are  filled 
^^^th  water  wliich  obeys  the  laws  of  capillarity,  and  which  can  not 
therefore  be  chained  off.  These  expenments  definitely  estabhshed 
that  all  cures  by  di-ainage  wliich  had  been  offered  to  and  urged  on 
the  canal  authorities  were  absolutely  futile,  and  the  money  wliich 
might  have  been  wasted  in  wortliless  tunnels,  wells,  and  acres  of 
asphalt  covering  was  saved  for  the  only  remedy  that  could  bring 
permanent  cm-e  under  the  circumstances — dredging. 

MINOR   REMEDIES. 

Wliile  the  heavy  rains  of  the  wet  season  can  add  little  or  nothing  to 
the  water  content  of  the  unfractured  Cucaracha  rocks — for  the  above 
experiments  have  shown  that  those  rocks  are  always  practically  satu- 
rated— the  heavy  rains  do  add  much  water,  and  therefore  weight 
and  sHpperiness,  to  the  upper  zone  of  the  shding  ground  which  has 
been  broken  by  innumerable  cracks,  fissures,  aiid_  crevices.  The 
writer  has  always  advocated  surface  drainage  as  a  minor  remedy  for 
ground  that  has  been  broken  by  sHde  movements. 

One  of  the  most  useful  auxiharies  in  the  combat  against  slides  is, 
it  seems  to  the  writer,  the  hythaulic  grading  macliine,  several  of  which 
are  in  use  on  the  canal.  This  machine  consists  in  a  powerful  hydraidic 
pump  wliich  forces  the  water  up  thi'ough  a  line  of  piping  and  finally, 
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under  heavy  pressure,  thi-ough  a  giant  nozzle  wliich  is  directed  so  that 
the  powerful  stream  from  it  'uill  cut  large  open  drains  down  across  the 
moving  material  to  the  canal.  It  is  also  very  effectively  used  to  sluice 
off  steep  overhanging  brows  at  the  head  of  sliding  ground  and  to  fill 
up,  with  hydrauhcally  stowed  material,  any  large  fissures  and  cracks 
that  may  gap  open  near  the  upper  boundary  of  the  shdes.  This 
hydrauhc  sluicing  method  washes  the  loose  debris  from  the  head  of 
the  slide  down  into  the  canal  and  thus  brings  sorted  fine-grained 
material  down  to  suction  chedges.  The  washed-down  product  also 
helps  support  the  toe  of  the  slide  temporarily  until  a  considerable 
weight  has  been  removed  from  the  head  of  the  shde,  thus  relieving 
dangerous  sh  de-promo  ting  pressure. 

Other  minor  remedies  recommended  by  the  slide  committee  and 
carried  out  by  the  engineers,  in  conference  vnih  the  writer,  were  as 
follows:  (a)  Surface  drainage  of  local  areas  by  tile  and  by  open  drains; 
(6)  wells,  consisting  of  pipes,  with  the  bottom  lengths  perforated,  were 
driven  into  the  moving  ground  and  into  adjacent  areas  at  intervals 
and  measurements  taken  in  them  with  a  view  to  estabhshing  the 
relations  between  the  surface  level  of  the  underground  water  and  the 
surface  of  the  shcUng  and  the  soHd  gromid.  Up  to  the  time  of  leaving 
the  Canal  Zone,  April  16,  1916,  the  data  from  these  experiments  were 
not  complete  enough  to  estabhsh  any  conclusions. 

FUTURE    OF    THE    SLIDES. 

The  writer  believes  that  the  shde  problem  is  now  practically  closed, 
though  small  slides  wiU  occur  from  time  to  time,  perhaps,  for  some 
years.  They  %\all  not  endanger  canal  traffic  and  will  be  only  a  charge 
against  maintenance.  In  former  reports,  especially  in  the  1912  report 
of  the  Isthmian  Canal  Commission  (p.  209),  the  writer  gave  his  rea- 
sons for  beheving  that  Gold  HiU  and  Contractors  HiU,  although  to 
the  layman  they  appear  threatening  cliffs  towering  above  the  canal 
channel,  would  not  slide.  He  is  of  the  same  opinion  still.  So  far  these 
hiUs  have  stood  sohcUy  except  for  a  considerable  amount  of  material 
that  has  been  sheared  off  the  north  and  the  south  sides  of  Gold  Hill 
by  the  vast  frictional  drag  of  the  Cucaracha  and  the  east  Culebra 
slides. 

The  writer  gave  it  as  his  opinion  in  1913 — he  did  not  give  "  assur- 
ance"— that  the  Cucaracha  dikes  would  prevent  further  movement  of 
the  Cucaracha  slide.  However,  owing  to  the  fact  that  the  dikes  were 
weakened  below  their  exposed  portion  by  well-developed  columnar 

i'ointing,  they  finally  gave  way  under  the  vast  pressure  of  some  mil- 
ions  of  cubic  yards  behind  them  and  gave  renewed  activity  to 
Cucaracha  slide.  This  shde  is  now  practicaU}'  dead,  however,  and 
will  never  again  be  a  menace  to  canal  traffic. 

There  arc  some  other  smaller  shdes  along  the  canal  which  may  have 
slight  renewed  acti^dty  from  time  to  time,  but  none  of  them  will  in 
any  way  threaten  stoppage  of  traffic  in  the  canal,  and  all  of  them 
^^dll,  as  time  goes  on,  be  brought  to  a  state  of  absolute  rest. 

There  is  no  need  for  the  writer  to  further  discuss  the  causes  of  the 
shdes  in  this  report.  He  has  done  that  in  the  1912  and  1913  reports 
of  the  Isthmian  Canal  Commission,  in  Bulletin  86  of  the  Bureau  of 
Mines,  and  in  other  papers.     The  principles  long  ago  laid  down  in 
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the  anore  publications  as  to  the  causes  of  the  sUdcs  and  the  proper 
remedies  to  apply  to  them,  he  has  never  found  any  necessity  to  change 
in  any  way,  for  they  have  stood  the  test  of  time  and  have  been  con- 
curred in  by  the  scientific  men  who  have  given  special  attention  to 
the  slide  problem. 

Very  respectfully 

Donald  F.  MacDonald, 

Geologist. 
Maj.  Gen.  Geo.  W.  Goethals,  United  States  Ai-my, 

Governor,  The  Panama  Canal,  Balboa  HeigUs,  Canal  Zone. 
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APPENDIX  P. 

TABLES  SHOWING  INCREASES  IN  SALARIES  AUTHORIZED 
OVER  ORGANIZATION  OF  JULY  1,  1914,  AND  INCREASES  OF 
NUMBERS  OF  PERSONS  EMPLOYED  OVER  NUMBER  ALLOWED 
IN  1916  BOOK  OF  ESTIMATES,  AS  REQUIRED  BY  ACT  OF 
CONGRESS  APPROVED  MARCH  3,   1916. 


DEPARTMENT   OF   OPERATION  AND   MAINTENANCE. 


DesigBation. 


Dredging  Division. 

Blacksmiths,  $1,683., 


Draftsman,  81,500... 
Electricians,  S2,043  . 

Engineers 

Engineers 

Engineers,  S2,100.. 
Engineers,  Sl,860. . 


Increase  in  pay. 


Increase  in 
numijers. 


Rate 
author- 
ized in 
organi- 
zation 
July  1, 

1914. 


In- 
creased 
to— 


$1,860.00   §2,040.00 


1,980.00 


Engineers  (dipper 
dredge),  S2, 640. 


Engineers  (dipper 
dredge),  $2,100. 


Engineers  (steam), 
$1,620. 

Foremen  (general), 
$2,100. 


2, 100. 00 


Number 
author- 
ized in 

1916 
Book  of 

Esti- 
mates. 


In- 
creased 
to— 


Explanation. 


17 


1  in  approved  organization  July  1,  191.5; 
increase  1  account  drill  operations, 
east  and  west  Culebra  slides. 

Temporary  increase  1  account  alterations 
dredge  Corozal  and  three  15-yard  dipper 
dredges. 

Reciuired  for  care  and  maintenance  of 
electrical  equipment  on  cranes  Ajax 
and  Hercules. 

4  increased  in  salary  accoimt  placing  tugs 
De  Lesseps  and  Saiud^d  in  regular  tow- 
boat  service. 

2  increased  in  salary  account  placing  tugs 
De  Lc.fseps  and  Sanidad  in  regiolar  tow- 
boat  service. 

15  in  approved  organization  July  1,  1915; 

increase  2   account   operation   cranes 

Ajax  and  Hercules. 
35  in  approved  organization,  July  1,  1915; 

temporary  increase  2  account  vacation 

relief  officers  pipe-line  suction-dredge 

service. 

3  in  approved  organization,  July  1,  1915; 
temporary  increase  1  account  vacation 
relief  chief  engineers  15-yard  dipper 
dredges. 

12  in  approved  organization,  July  1,  1915; 
temporary  increase  2  to  provide  relief 
men  account  Sunday  work,  GaUlard 
Cut. 

Account  operation  floating  air-compressor 
plant  for  shore  drill  service,  east  and 
west  Culebra  slides. 

3  in  approved  organization,  July  1,  1915; 
temporary  increase  1  to  provide  relief 
account  Sunday  work,  Gaillard  Cut; 
increase  1  account  placing  Gamboa 
gravel  plant  on  12-hour  working  basis; 
temporary  increase  1  to  provide  for 
vacation  relief  of  drill  foremen  at 
Culebra  slides;  increase  1  to  provide 
working  force  for  hydraulic  sluicing 
operations  at  Culebra  slides;  temporary 
increase  2  to  provide  sufficient  super- 
vision for  shore  drill  work  at  Culebra 
slides. 
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Tables  showing  inneases  in  salaries  authorized  over  organization  of  July  1,  1914,  and 
increases  of  numbers  of  persons  employed  over  number  allowed  in  1916  Book  of  Esti- 
mates, as  required  by  act  of  Congress  approved  liar.  3,  1915 — Continued. 

DEPARTMENT   OF   OPERATION   AND   MAINTENANCE— Continued. 


Increase  in  pay. 


Designation. 


Rate 
author- 
ized in 
organi- 
zation 
July  1, 

1914. 


In- 
creased 
to— 


Increase  in 
numbers. 


Number 
author- 
ized in 

1916 
Book  of 

Esti- 
mates. 


In- 
creased 
to— 


Explanation. 


Dredging  Divi- 
sion—Con. 


Levelman,  81,200.. 
Machinists,  Sl,800. 


Machinists,  .?1,6S0. 
Masters 

Masters,  S2,640 


S2,040.00 


$2,220.00 


Mates. 


1,860.00 


2, 100. 00 


Mates  (craneman), 
S2,230. 


Mates,  ?2,100. 


Mates,  Sl,740. 


Nozzlemen,  S1,G20... 

Operators      (dipper 
dredge),  S2,580. 

Operators  (crane), 
$1,800. 


Operators    (pump), 
$1,620. 


Rodmen,  $1,000 

Wiremen,  $1,617.20. 


Marine  Drv'isioN. 

Clerks 

Clerks,  $1,800 

Master 

Do 

Mates , 


2,100.00 


2, 197.  SO 
2,079.00 

1,800.00 


2,220.00 
2, 220. 00 

2,100.00 


58 


Temporary  increase  1  to  provide  for 
vacation  relief  of  regular  survey  force. 

1  in  approved  organization,  July  1,  1915 
(called  foreman  machtaist);  increase  1 
account  placing  Gamboa  gravel  plant 
on  12-hour  working  basis. 

4  in  approved  organization,  July  1,  1915; 
increase  2  account  operation  cranes 
Ajai  and  Hercules. 

2  increased  in  salary  account  placing  tugs 
De  Lcsseps  and  Sanidad  in  regular  tow- 
boat  service. 

8  in  approved  organization,  July  1,  1915; 
increase  1  account  placing  floating 
cranes  Ajax,  Hercules,  and  La  Valley 
under  supervision  of  one  licensed  mas- 
ter. 

4  increased  in  salary  account  placing  tugs 
De  Lcsseps  and  Sanidad  in  regular  tow- 
boat  ser\ice. 

11  in  approved  organization,  July  1, 1915; 
temporary  increase  4  to  provide  relief 
men  account  Sunday  work,  GaUlard 
Cut. 

39  ill  approved  organization,  July  1, 1915; 
increase  12  account  vacation  relief  for 
tow-boat  olhcers,  Gaillard  Cut  dredg- 
ing service;  increase  1  account  consoli- 
dation of  crews,  floating  crane  boats; 
temporary  increase  6  to  provide  posi- 
tions for  canal  pilots  and  masters 
(marine  division)  over  period  canal 
dosed  to  navigation. 

10  in  approved  organization,  July  1, 1915; 
temporary  iacrease  2  to  provide  for  va- 
cation relief  pipe-line  suction-di-edge 
service. 

To  provide  working  force  for  hydraulic 
sluicing  operations  at  Culebra  slides. 

12  in  approved  organization,  July  1,  1915; 
incre;xse  2  to  provide  vacation  relief  for 
operators,  1.5-yard  dipper  dredges. 

2  in  approved  organization,  July  1,  1915 
(called  steam  engineer);  mcreaso  1  ac- 
count placing  Gamboa  gravel  plant  on 
12-hour  working  basis. 

13  in  approved  organization  July  1,  1915; 
increase  2  account  relief  relay  pump 
operators,  vacations  and  Sunday  work; 
increase  2  to  provide  working  force  for 
pumps  on  liydraulic  graders  2  and  3. 

10  iu  approved  organization,  Jnlv  1,  1915; 

temporary  increase  2  to  provide  for  viv- 

cation  relief  of  regular  survey  force. 
1  in  approved  organization,  July  1, 1915; 

increase  2  to  provide  relief  men  account 

vacations  and  Sunday  work. 

Increased  business  made  necessary  larger 
clerical  organizations  in  jtort  captain's 
oflicos  than  was  anticipatod. 

Pay  lit  one  in  each  grade  increased  to  con- 
form topay  made forsimilar services  by 
other  divisions  of  canal. 

E.xplaualiou  in  case  of  masters  applies. 
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Tables  showing  increases  in  salaries  authorized  over  organization  of  July  1,  1914,  and 
increases  of  number  of  persons  ernploijed  over  number  allowed  in  1916  Book  of  Esti- 
mates, as  required  by  act  of  Congress  approved  Mar.  3,  1915 — Continued. 

DEPARTMENT   OF   OPERATION  AND   MAINTENANCE— Continued. 


Designation. 


Increase  in  pay. 


MARfNTE    DmSION — 

Continued. 
Measurers , 


Pilots 


Marine  engineers 
(later  rated  engi- 
neers, tug). 

Inspectors  (motor 
boat). 

Recorder 


Signal     maintainer, 
S1,G50. 


Operator  of  motor 
boats,  silver  roll 
position,  SGO. 


Electrical  Divi- 
sion. 

Machinists,  50  cents  , 
Office  Engineer. 


Rate 
author- 
ized in 
organi- 

zalioa 
Julv  1, 

1911. 


S2, 100. 00 


2,400.00 


2,700.00 


3, 000. 00 
1,953.00 


In- 
creased 
to— 


Increase  in 
nambers. 


$2, 400. 00 


2, 400. 00 
2, 460. 00 
2, 520. 00 
2,700.00 
2,880.00 
2, 940. 00 
3,000.00 
2,040.00 


2, 100. 00 


Draftsmen. 


(') 
2, 100. 00 
1,800.00 

(') 
1,500.00 

0) 


{1: 


560.00 
740.00 


2,400.00 


2,400.00 


Number 
author- 
ized in 

1916 
Book  of 

Esti- 
mates. 


1,650.00 

"moo" 


In- 
creased 
to— 


Explanation. 


Increase  in  number  due  to  increased  traf- 
fic which  required  measurers  to  check 
each  others  work.  Increase  in  pay  duo 
to  inability  to  get  competent  men  for 
salary  estimated. 

Salaries  paid  necessary  to  retain  services 
of  properly  qualified  master  mariners, 
especially  in  view  of  shortage  of  this 

*  class  of  men  in  merchant  marine  at 
home.  Increase  in  numbers  due  to  un- 
foreseen increase  in  traflic. 

Explanation  in  case  of  masters  applies. 


Increased  business  necessitated  great  in- 
crease in  number  of  small  boats  and 
competent  inspector  could  not  be  ob- 
tained for  salary  estimated. 

Performs  clerical  work  of  marine  super- 
intendent in  addition,  this  work  hav- 
ing been  performed  in  executive  oflice. 

Aids  to  navigation  being  converted 
wherever  practicable,  from  gas  to  elec- 
tricity; largely  increased  mileage  of  elec- 
tric wires  supplying  currents  to  aids 
made  necessary  employment  of  electric 
lineman  or  signal  maintainer. 

First  employment  made  in  accordance 
with  approved  policy  of  using  Ameri- 
can citizens  (men  with  naval  training 
when  they  can  be  obtained)  on  gold 
roll  in  place  of  aliens  on  silver  roll  in 
positions  of  boatswain,  fireman,  oiler, 
signal  keeper,  motor-boat  operator, 
dock  foreman,  and  seaman. 


Temporary  increase  account  of  v/ork  dis- 
mantling Balboa  air-compressor  plant. 

Consolidation  of  drafting-room  forces  of 
department  operation  and  mainte- 
nance, terminal  construction  division, 
building  division,  municipal  engineer- 
ing division,  and  electrical  division,  un 
der  the  charge  of  the  office  engineer. 
The  positions  referred  to  are  covered  by 
the  Book  of  Estimates  under  the  ap- 
propriations for  draftsmen  under  the 
estimates  of  the  divisions  referred,  ex- 
cept in  the  case  of  the  building  division, 
which  submitted  no  estimate  for 
draftsmen. 


SUPPLY  DEPARTMENT. 


Tuxsmith,    44   cents 

0 
0 

1 

8 

To  perform  work  formerly  assigned  to 
silver  employees,  and  which  the  C;o\- 
ernor  directed  should  be  performed  by 
gold  employees. 

To  operate  large  automobile  trucks, which 
Governor  decided  should  be  operated 
by  gold  employees. 

per  hour. 
Chauffeurs,  S125  per 

month. 

1  No  rate. 
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Tables  showing  increases  in  salaries  authorized  over  organization  of  July  1,  1914,  and 
increases  of  numbers  of  persons  employed  over  number  allowed  in  1916  Book  of  Esti- 
mates, as  required  by  act  of  Congress  approved  Mar.  3,  1915 — Continued. 


SUPPLY  DEPARTMENT— Continued. 


Increase  in  pay. 

Increase  in 
numbers. 

Designation. 

Rate 
author- 
ized in 
organi- 
zation 
July  1, 

1914. 

In- 
creased 
to— 

Number 
author- 
ized in 

1916 
Book  of 
Esti- 
mates. 

In- 
creased 
to— 

Explanation. 

Wheelwright, 

0 

4 
0 
0 
0 
0 

1 

5 
1 

2 
2 
4 

To  perform  work  formerly  assigned  to 

56  cents  per  hour. 

Clerks,      S125      per 
month 

silver  employees,  and  which  the  Gov- 
ernor directed  should  be  performed  by 
gold  employees. 

Gauger,     $150     per 
month 

Transferred  to  supply  department  from 
the  mechanical  division,  upon  turning 

Foremen,    $175    per 
month 

Pump        operators, 
$150  per  month 

fuel-oil  plants. 

Crib    tenders,    $125 
per  month 

HEALTH  DEPARTMENT. 


Ancox  Hospital. 
Chief,  medical  clinic. 


Physicians,  $3,000. 
Physicians,  $2,400. 
Physicians,  $1,800. 


$4,  oOO.  00 


$8, 003.  00 


Account  of  revenue  derived  from  con- 
sultations and  services  in  cormection 
with  outside  patients. 

'Five  increases  in  salaries:  (1)  to  retain 
$250  per  month  for  the  physician  acting 
as  district  physician,  which  was  salary 
ho  was  receiving  at  time  estimates  were 
made;  due  to  increase  in  number  of 
employees  at  Ancon  and  in  Panama, 
the  Ancon  dispensary  work  has  in- 
creased instead  of  decreasing,  and  the 
policy  was  adopted  of  allowing  $250  per 
month  to  district  physicians  at  the 
larger  dispensaries.  (1)  for  the  assist- 
ant to  district  physician,  account  of  thia 
man  having  none  of  the  advantage  in 
experience  of  the  hospital  proper.  (1) 
for  the  obstetrician;  necessary  accoimt 
unalile  to  retain  competent  man  at  $150. 
(2)  for  the  two  assistant  physicians  at 
Oorozal  Hospital  for  the  Insane  on  ac- 
count of  the  nature  of  the  work  and  its 
many  drawbacks,  it  is  necessary  to  pay 
$200  in  order  to  retain  the  rnen  and 
avoid  a  constant  change  of  physicians 
at  this  place. 

Two  increases  in  number:  (1)  account 
resignation  of  two  internes  necessary  to 
retain  one  more  physician  than  was 
estimated  for.  (1)  for  Corozal  Hos- 
pital for  the  Insane;  owing  to  unsettled 
conditions  in  the  past,  efforts  at  the 
insane  asylum  have  been  devoted 
mainly  to  the  safekeeping  of  the  in- 
mates, with  improvements  in  their 
physical  condition  and  general  physi- 
cal welfare;  with  the  great  advance  in 
psychiatry  and  treatment  of  the  insane 
which  has  recently  taken  place,  it  was 
desired  to  give  more  individual  atten- 
tion to  each  patient,  with  a  view  to 
curing  their  mental  complaints  and 
thereby  shorten  their  stay  in  hospital. 
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Tobies  showing  increases  in  salaries  authorized  over  organization  of  July  1,  1914,  and 
increases  of  numbers  of  persons  employed  over  number  allowed  in  1916  Book  of  Esti- 
mates, as  required  by  act  of  Congress  approved  Mar.  3,  1915 — Continued. 


HEALTH  DEPARTMENT— Continued. 


Designation. 


Ancon  Hospital— 
Continued. 

Carpenter,  $1,791.36. 
Plumber,  §1,866 


Assistant  farm  man^ 
ager  (Corozal  farm), 
$1,500. 


ChaulTeur,  S900 . 


Clerks,  SI, 500. 


Nurses,  female,  SI  .020 
Nurses,  female,  S960, 


Increase  in  pay. 


Rate 
author- 
ized in 
organi- 
zation 
July  1, 

1914, 


In- 
creased 
to— 


Colon  IIospital. 


Druggist,  SI ,500 

Nurses,  female,  $900. 


Line  Hospitals. 
Druggists,  SI ,200... 


Physicians S2, 400. 00   S3, 000: 00 


ZoKE  Sanitation. 
Inspector,  51,500 


Health  Office, 
Colon. 


Clerk,  $900. 


Inspectors,  $1,8 


Increase  in 
numbers. 


Numer 
author- 
ized in 

1916 
Book  of 
Esti- 
mates. 


58 


In- 
creased 
to— 


Explanation. 


These  men  had  been  regularly  employed 
at  Ancon  Hospital,  but  a  trial  in  the 
interest  of  economy  was  given  of  having 
the  work  done  by  the  sup!)ly  depart- 
ment; this  was  not  satisfactory  and  the 
men  were  transferred  back  to  the 
health  department. 

Necessary  account  increase  in  work  of 
farm  and  to  give  proper  supervision  to 
dairy,  it  being  impossible  for  the  farm 
manager  to  give  the  dairy  the  amount 
of  personal  attention  which  conditions 
demand. 

For  hospital  ambulance,  which  requires 
a  careful  driver;  and  to  make  minor 
repairs  to  motor  transportation  of  the 
hospital,  which  has  replaced  animal 
transportation. 

Increase  in  clerical  work  due  to  increase 
in  number  of  pay  patients;  and  to  al- 
low for  sufTicient  relief  for  other  clerks 
going  on  leave. 

3  nurses  whose  salaries  were  not  de- 
creased from  SI  .020  to  S960— see  ex- 
planation last  year's  report — were  re- 
tained. Necessary  to  increase  balance 
of  55  nurses  to  65,  account  increase  in 
number  of  private-room  patients  and 
to  take  care  of  leaves. 


male  nurses  at  SI ,260,  estimated;  a 
female  nurse  was  substituted  for  one 
and  the  druggist  for  the  other. 


Increase  for  but  6  months;  8  male 
nurses  at  $1,260  authorized  and  but 
7  employed,  the  additional  druggist 
fdling  the  other  positions. 

2  increased.  1  was  for  1  month  only, 
until  Corozal  dispensary  could  be 
closed;  the  other  was  for  the  district 
physician,  Balboa,  to  retain  him  at  the 
salary  he  had  been  receiving;  on  ac- 
count of  consolidation  of  work  at  the 
Pacific  end,  the  work  of  this  dispensary 
(as  Vv'ell  as  of  Ancon)  has  grown  instead 
of  diminished. 


For  but  3   months,  while   1   inspector 
was  absent  on  leave  without  pay. 


Formerly  2  clerks  in  this  office,  and  it 
was  found  impossible  to  get  along  with 
1  and  keep  the  work  up  to  date,  as 
the  work  of  this  office  has  increased, 
due  to  increase  in  population  of  Colon. 

Necessary  to  continue  the  same  number 
as  previously  employed,  as  the  work  at 
Colon  has  not  decreased  as  estimated, 
and  it  was  found  that  sufficient  allow- 
ance has  not  been  made  for  inspectors 
going  on  leave. 
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Tables  showing  increases  in  salaries  authorized  over  organization  of  July  1,  1914,  a'nd 
increases  of  7iumbers  of  -persons  employed  over  number  allovjed  in  1916  Book  of  Esti- 
mates, as  required  by  act  of  Congress  approved  Mar.  3,  1915 — Contixiued. 


HEALTH  DEPARTMENT— Continued. 


Increase  in  pay. 

Increase  in 
numbers. 

Designation. 

Rate 
author- 
ized in 
organi- 
zation 
July  1, 

1914, 

In- 
creased 
to— 

Number 
author- 
ized in 

1916 
Book  of 
Esti- 
mates. 

In- 

creased 

to— 

Explanation. 

Quarantine  Divi- 
sion. 

Veterinarian       and 

0 
1 

1 

1 

meat       inspector, 

$2,-)00. 
Assistant    veterina- 

On account  of  the  supply  department  in- 
sfituting  a  lieef-slaughtering  establish- 
lueut  on  the  Isthmus. 

rian  and  meat  in- 
spector, $1,800. 

EXECUTIVE    DEPARTMENT. 


Police  and  Fire 
Division. 

Policemen,  first  class 


Division  of 
Schools. 

Teachers,        high 
school,  $900. 

Teachers,  grade,  $810 
Brake  attendant 


$80.00 

75 

4 

21 
0 

139 

5 
27 

1 

270. 00 

23  additional  officers  employed  in  place 
of  colored  officers  on  July  1,  IQIT),  at  ex- 
pense of  Panama  Railroad.  On  Apr. 
20,  1916,  41  officers  temporarily  em- 
ployed for  military  reasons,  by  direc- 
tion of  the  Governor,  but  number  was 
reduced  to  16  at  close  of  year.  N  o  other 
changes  in  salaries  or  number  of  men 
were  made  during  the  year. 


Increased   attendance   in  high   schools. 

Offset  by  abolition  of  2  silver  teachers' 

positions  at  $u40  each. 
Number  of  pupils  in  grade  schools  greater 

than  anticipated  when  estimates  for 

191(i  were  made. 
Found  impossible  to  abolish  this  position 

as    anticiiiated    when    1916   estimates 

were  nia'ie. 


WASHINGTON   OFFICE. 


Temporary  clerks  for 
all  ofTices. 

Inspectors,  $1 ,500 


$2,000.00 


$3, 328.  78 


Excess  of  $1,328.78  due  to  increased  work 
throughout  the  whole  odice.  Ap- 
jtroved  by  Governnr  Oct.  28,  1915. 

1  additional  inspoclor  rocjuired  owing 
to  temporary  increase  in  the  inspection 
work  in  the  United  States. 


APPENDIX  Q. 

ACTS  OF  CONGRESS  AFFECTING  THE  PANAMA  CANAL  AND 
EXECUTIVE  ORDERS  RELATING  TO  THE  CANAL  ZONE. 


INDEX.     . 

Acts  of  Congress:  Page^ 

J\Iaking  appropriations  to  supply  further  urgent  deficiencies  in  appropria- 
tions for  the  fiscal  year  ending  June  tliirtieth  nineteen  hundred  and  six- 
teen, and  prior  years,  and  for  other  purposes  approved  February  28, 1916.       612 

Making  appropriations  for  the  legislative,  executive,  and  judicial  expenses 
of  the  Government  for  the  fiscal  year  ending  June  thirtieth,  nineteen 
hundred  and  seventeen,  and  for  other  purposes,  approved  May  10,  1916. .       612 

For  making  further  and  more  effectual  provision  for  the  national  defense, 
and  for  other  purposes,  approved  June  3,  1916 613 

Making  appropriations  for  sundry  civil  expenses  of  the  Government  for  the 
fiscal  year  ending  June  thirtieth,  nineteen  himdred  and  seventeen,  and 
for  other  purposes,  approved  July  1,  1916 613 

Making  appropriations  for  the  Diplomatic  and  Consular  Service  for  the  fiscal 
year  ending  June  thirtieth,  nineteen  hundi'ed  and  seventeen,  approved 
July  1,1916 617 

For  the  relief  of  Joseph  A.  Buckholdt,  approved  August  4,  1916 617 

For  the  relief  of.Olaf  Nelson,  approved  August  8,  1916 618 

Making  appropriations  for  the  Department  of  Agriculture  for  the  fiscal  year 
ended  June  thirtieth,  nineteen  hundred  and  seventeen,  and  for  other 
purposes,  approved  August  11,  1916 618 

Extending  certain  privileges  of  canal  employees  to  other  officials  on  the 
Canal  Zone  and  authorizing  the  President  to  make  rules  and  regulations 
affecting  health,  sanitation,  quarantine,  taxation,  public  roads,  self-pro- 
pelled vehicles,  and  police  powers  on  the  Canal  Zone,  and  for  other  pur- 
poses, including  provision  as  to  certain  fees,  money  orders,  and  interest 
deposits,  approved  August  21,  1916 618 

Making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  ending 
June  thirtieth,  nineteen  hundred  and  seventeen,  and  for  other  purposes, 
approved  August  29,  1916 619 

Making  appropriations  for  the  naval  service  for  the  fiscal  year  ending  June 
thirtieth,  nineteen  hundi'ed  and  seventeen,  and  for  other  purposes, 
approved  August  29,  1916 620 

To  provide  compensation  for  employees  of  the  United  States  suffering 
injuries  while  in  the  performance  of  their  duties,  and  for  other  purposes, 
approved  September  7,  1916 621 

To  establish  a  United  States  Shipping  Board  for  the  purpose  of  encouraging, 
developing  and  creating  a  naval  auxiliary  and  naval  reserve  and  a  mer- 
chant marine  to  meet  the  requirements  of  the  commerce  of  the  United 
States  with  its  Territories  and  possessions  and  with  foreign  countries,  to 
regulate  carriers  by  water  engaged  in  the  foreign  and  interstate  commerce 
of  the  United  States;  and  for  other  purposes,  approved  September  7, 1916.       627 

Making  appropriations  to  supply  deficiencies  in  appropriations  for  the  fiscal 
year  ending  June  thirtieth,  nineteen  hundred  and  sixteen,  and  prior  fiscal 

years,  and  for  other  purposes,  approved  September  8.  1916 629 

Executive  orders: 

Annual  recesses  of  Joint  Land  Commission  and  leave  regulations,  October 

16,  1915 630 

Appointment  of  member  of  Joint  Land  Commission,  March  25,  1916 630 

Appointment  of  umpire  for  Joint  Laud  Commission,  May  13,  1916 631 

Protection  of  The  Panama  Canal,  May  17,  1916 631 

Appointment  of  three  clerks  in  classified  service  without  reference  to  civil 

service  rules,  June  30,  1916 631 

Establishing  regulations  providing  conditions  under  which  The  Panama 
Canal  and  the  Panama  Raihoad  Company  employees  on  the  Isthmus  of 
Panama,  may  be  allowed  the  use  of  quarters,  fuel  and  electric  current, 
'       July  25,  1916 632 
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Executive  orders — Continued.  rage. 

Modifying  order  establishing  regulations  providing  conditions  under  which 
The  Panama  Canal  and  the  Panama  Raihoad  Company  employees  on  the 
Isthmus  of  Panama,  may  be  allowed  the  use  of  quarters,  fuel  and  electric 
current,  August  10,  1916 632 

Relating  to  motor  vehicles,  and  their  operation  in  the  roads  of  the  Canal 
Zone,  September  5,  1916 633 

Transferring  to  the  Governor  of  The  Panama  Canal  the  administration  of 
the  Act  approved  September  7,  1916,  so  far  as  Panama  Canal  and 
Panama  P.ailroad  employees  are  concerned,  Sej)tember  15,  1916 634 

Authorizing  the  commutation  of  leave  privileges  in  certain  cases 634 

Providing  for  the  payment  of  interest  on  deposit  money  orders  issued  in 
the  Canal  Zone 635 


ACTS  OF  CONGRESS  AFFECTING  THE  PANAMA  CANAL  AND 
EXECUTIVE  ORDERS  RELATING  TO  THE  CANAL  ZONE. 

AN  ACT  Making  appropriations  to  supply  further  urgent  deficiencies  in  appropriations  for  the  fiscal 
year  ending  June  tliirtieth,  nineteen  hundred  and  sixteen,  and  prior  years,  and  for  other  piurposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  ZTnited  States  of  America 
in  Congress  assembled,  That  the  following  sums  are  appropriated,  out  of  any  money 
in  the  Treasury  not  otherwise  appropriated,  to  supply  further  urgent  deficiencies  in 
appropriations  for  the  fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  six- 
teen, and  prior  years,  and  for  other  purposes,  namely: 

******* 

Department    of    State. 

foreign  intercourse. 

Exposition  in  the  city  of  Panama:  For  additional  amount  for  the  suitable  partici- 
pation by  the  United  States  in  an  exposition  to  be  held  in  the  city  of  Panama,  in- 
cluding the  same  objects  specified  under  this  head  in  the  Diplomatic  and  Consular 
appropriation  Act  for  the  fiscal  year  nineteen  hundred  and  sixteen,  and  aleo  such 
compensation  to  the  Commissioner  of  the  United  States  appointed  by  the  President 
as  the  Secretary  of  State  shall  determine,  |7,.500. 

Payment  to  Panama:  To  enable  the  Secretary  of  State  to  pay  to  the  Government 
of  Panama  the  fourth  annual  payment,  due  on  February  twenty-sixth,  nineteen  hun- 
dred and  sixteen,  from  the  Government  of  the  United  States  to  the  Government  of 
Panama  under  article  fourteen  of  the  treaty  of  November  eighteen,  nineteen  hundred 
and  three,  $250,000. 

******* 

Approved,  February  28,  1916. 


AN  ACT  Making  appropriations  for  the  legislative,  executive^  and  judicial  expenses  of  the  Coveminent 
for  the  fiscal  year  ending  June  thirtieth,  nineteen  hundrea  and  seventeen,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  JTouse  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  following  sums  are  appropriated,  out  of  any  money 
in  the  Treasury  not  otherwise  appropriated  in  full  compensation  for  the  service  of 
the  fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  seventeen,  namely: 
******* 

Navy    Department. 


hydkogkafhic  office. 

******* 
Contingent  expenses  of  branch  offices  at  Boston,  New  York,  Philadelphia,  Balti- 
more, Norfolk,  Savannah,  New  Orleans,  San  Francisco,  Portland  (Oregon),  Portland 
(Maine),  Chicago,  Cleveland,  Buffalo,  Duluth,  Sault  Sainte  ]\Iarie,  Seattle,  Panama, 
and  Galveston,  including  furniture,  fuel,  lights,  works  and  periodicals  relating  to 


ACTS   OF   CONGRESS.  613 

hydrography,  marine  meteorology,  navigation,  surveying,  oceanography,  and  terres- 
trial magnetism,  stationery,  miscellaneous  articles,  rent  and  care  of  oliices,  care  of 
time  balls,  car  fare  and  ferriage  in  visiting  merchant  vessels,  freight  and  express 
charges,  telegrams,  and  other  necessary  expenses  incurred  in  collecting  the  latest 
information  for  pilot  charts,  and  for  other  purposes  for  which  the  oflicesVere  estab- 
lished, $10,000. 

******* 

Sec.  4.  That  no  part  of  any  money  appropriated  by  this  or  any  other  Act  shall  be 
used  during  the  fiscal  year  nineteen  hundred  and  seventeen  for  the  purchase  of  any 
typewriting  machine  at  a  price  in  excess  of  the  lowest  price  paid  by  the  Government 
of  the  Ignited  States  for  the  same  make  and  substantially  the  same  model  of  machine 
during  the  fiscal  year  nineteen  hundred  and  fifteen;  such  price  shall  include  the 
value  of  any  typewriting  machine  or  machines  given  in  exchange,  but  shall  not  apply 
to  special  prices  granted  on  typewriting  machines  used  in  schools  of  the  District  of 
Columbia  or  of  the  Indian  Service,  the  lowest  of  which  special  prices  paid  for  type- 
writing machines  shall  not  be  exceeded  in  future  purchases  for  such  schools:  Pro- 
riding,  That  in  construing  this  section  the  Commissioner  of  Patents  shall  advise  the 
Comptroller  of  the  Treasury  as  to  whether  the  changes  in  any  typewriter  are  of  siich 
structural  character  as  to  constitute  a  new  machine  not  within  the  limitations  of  this 
section. 

******* 

Approved,  May  10,  1916. 


AN  ACT  For  making  further  and  more  eflectual  provision  for  the  national  defense,  and  for  otherpurposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  Army  of  the  United  States  shall  consist  of  the  Regu- 
lar Army,  the  Volunteer  Army,  the  Officers'  Reserve  Corps,  the  Enlisted  Reserve 
Corps,  the  National  Guard  while  in  the  service  of  the  United  States,  and  such  other 
land  forces  as  are  now  or  may  hereafter  be  authorized  by  law. 

******* 

Sec.  62.  Number  of  the  National  Guard — 

*  *  *  *  *  *  * 
Provided  further,  That  the  word  Territory  as  used  in  this  Act  and  in  all  laws  relat- 
ing to  the  land  militia  and  National  Guard  shall  include  and  apply  to  Hawaii,  Alaska, 
Porto  Rico,  and  the  Canal  Zone,  and  the  militia  of  the  Canal  Zone  shall  be  organized 
under  such  rules  and  regulations,  not  in  conflict  with  the  pro\isions  of  this  Act,  as 
the  President  may  prescribe. 

*  *  *  *  *  *  .  * 
Approved,  June  3,  1916. 


AN  ACT  Makincr  appropriations  for  sundry  civil  expenses  of  the  Government  for  the  fiscal  year  ending 
June  thirtieth,  nineteen  hundred  and  seventeen,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
Congress  assembled,  That  the  following  sums  are  appropriated,  out  of  any  money  in  the 
Treasury  not  otherwise  appropriated,  for  the  fiscal  year  ending  June  thirtieth,  nineteen 
hundred  and  seventeen,  namely: 


War  Department. 

4:  4:  ^  H:  4=  ^  ^ 

QUARTERMASTER    CORPS. 

Disposition  of  remains  of  officers,  soldiers,  civilian  employees,  and  so  forth:  For 
interment,  or  of  preparation  and  transportation  to  their  homes  or  to  such  national 
cemeteries  as  may  be  designated  by  proper  authority,  in  the  discretion  of  the  Secretary 
of  War,  of  the  remains  of  officers,  including  acting  assistant  surgeons  and  enlisted  men 
of  the  Army  active  list;  interment,  or  of  preparation  and  transportation  to  their  homes, 
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of  the  remains  of  civil  employees  of  the  Army  in  the  employ  of  the  War  Department 
who  die  abroad,  in  Alaska,  in  the  Canal  Zone,  or  on  Army  transports,  or  who  die  while 
on  duty  in  the  field  or  at  military  posts  within  the  limits  of  the  United  States;  inter- 
ment of  military  prisoners  who  die  at  military  posts;  removal  of  remains  from  aban- 
doned posts  to  permanent  military  posts  or  national  cemeteries,  including  the  remains 
of  Federal  soldiers,  sailors,  or  marines,  interred  in  fields  or  abandoned  private  and  city 
cemeteries;  and  in  any  case  where  the  expenses  of  burial  or  shipment  of  the  remaina 
of  officers  or  enlisted  men  of  the  Army  who  die  on  the  active  list  are  borne  by  indi- 
viduals, where  such  expenses  would  have  been  lawful  claims  against  the  Government, 
reimbursement  to  such  individuals  may  be  made  of  the  amount  allowed  by  the  Govern- 
ment for  such  services  out  of  this  sum,  but  no  reimbursement  shall  be  made  of  such 
expenses  incurred  prior  to  July  first,  nineteen  hundred  and  ten,  $57,500. 


Department  of  Commerce. 

if:  if  *  *  *  ^  ilf 

COAST  AND   GEODETIC   SURVEY. 

Field  expenses:  For  surveys  and  necessary  resurveys  of  the  Atlantic  and  Gulf  coasts 
of  the  United  States,  including  the  coasts  of  outlying  islands  under  the  jurisdiction  of 
the  United  States:  Provided,  That  not  more  than  $25,000  of  this  amount  shall  be  ex- 
pended on  the  coasts  of  said  outlying  islands,  and  the  Atlantic  entrance  to  the  Panama 
Canal,  $90,000; 


The  Panama  Canal. 

For  every  expenditure  requisite  for  and  incident  to  the  construction,  maintenance 
and  operation,  sanitation,  and  civil  government  of  the  Panama  Canal  and  Canal  Zone, 
including  the  following:  Compensation  of  all  officials  and  employees;  foreign  and  do- 
mestic newspapers  and  periodicals;  law  books  not  exceeding  $500,  text  books  and 
books  of  reference;  printing  and  binding,  including  printing  of  annual  report,  rents 
and  personal  services  in  the  District  of  Columbia;  purchase  or  exchange  of  typewriting, 
adding,  and  other  machines;  purchase  or  exchange,  maintenance,  repair,  and  opera- 
tion of  motor-propelled  and  horse-drawn  passenger-carrying  vehicles;  claims  for  dam- 
ages to  vessels  passing  through  the  locks  of  the  Panama  Canal,  as  authorized  by  the 
Panama  Canal  Act;  claims  for  losses  of  or  damages  to  property  arising  from  the  conduct 
of  authorized  business  operations;  claims  for  damages  caused  to  owners  of  private  lands 
or  private  property  of  any  kind  by  reason  of  the  grants  contained  in  the  treaty  between 
the  United  States  and  the  Republic  of  Panama,  proclaimed  February  twenty-sixth, 
nineteen  hundred  and  four,  or  by  reason  of  the  operations  of  the  United  States,  its 
agents  or  employees,  or  by  reason  of  the  construction,  maintenance,  oi:)oration,  sani- 
tation, and  protection  of  the  said  canal  or  of  the  work  of  sanitation  and  protection 
therein  provided  for,  whether  such  claims  are  compromised  by  agreement  between 
the  claimants  and  the  Governor  of  the  Panama  Canal  or  allowed  by  a  joint  land  com- 
mission; acquisition  of  land  and  land  under  water,  as  authorized  in  the  Panama  Canal 
Act;  expenses  incurred  in  assembling,  assorting,  storing,  repairing,  and  selling  material, 
machinery,  and  equipment  heretofore  or  hereafter  purchased  or  acquired  for  the  con- 
struction of  the  Panama  Canal  which  are  unserviceable  or  no  longer  needed,  to  be 
reimbursed  from  the  proceeds  of  such  sales;  expenses  incident  to  conducting  hearings 
and  examining  estimates  for  appropriations  on  the  Isthmus;  expenses  incident  to  any 
emergency  arising  because  of  calamity  by  flood,  fire,  pestilence,  or  like  character  not 
foreseen  or  otherwise  provided  for  herein;  per  diem  allowance  in  lieu  of  subsistence 
when  prescribed  by  the  Governor  of  the  Panama  Canal,  to  persons  engaged  in  field 
work  or  traveling  on  official  business,  pursuant  to  section  thirteen  of  the  sundry  civil 
appropriation  Act  approved  August  first,  nineteen  hundred  and  fourteen,  and  for  such 
other  expenses  not  in  the  United  States  as  the  Governor  of  the  Panama  Canal  may  deem 
necessary  to  best  promote  the  construction,  maintenance,  and  operation,  sanitation, 
and  civil  government  of  the  Panama  Canal,  all  to  be  expended  under  the  direction 
of  the  Governor  of  the  Panama  Canal  and  accounted  for  as  follows : 

For  continuing  the  construction  and  equipment  of  the  Panama  Canal,  including 
$1,000  additional  compensation  to  the  Auditor  for  the  War  Department  for  extra  serv- 
ices in  auditing  accounts  for  the  Panama  Canal;  equipping  of  colliers  Ulysses  and 
Achillea  with  self-discharging  equipment  at  not  exceeding  $125,000  each  and  not  ex- 
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ceeding  $50,000  for  covering  certain  unprotected  surfaces  of  said  colliers  with  bitu- 
maj<tic°enamel;  toward  construction  by  contract  or  in  navy  yards  complete  in  every 
detail,  including  self-discharging  equipment  and  all  other  necessary  apparatus,  of 
two  coUiers  at  a  total  cost  not  exceeding  $1,300,000  each  under  a  contract  or  contracts 
hereby  authorized  therefor;  also  toward  coutitruction  of  one  dock  at  Cristobal  (num- 
bered six)  at  a  total  cost  not  exceeding  $1,500,000  under  a  contract  or  contracts  hereby 
authorized  therefor,  $9,750,000.  No  part  of  this  sum  or  of  any  unexpended  balance  of 
aiipropriations  for  construction  and  equipment  of  the  Panama  Canal  shall  be  expended 
for  construction  or  establishment  of  new  quarantine  stations. 

For  maintenance  and  operation  of  the  Panama  Canal,  salary  of  the  governor,  $10,000; 
purchase,  inspection,  delivery,  liandling,  and  storing  of  material,  supplies,  and  equip- 
ment for  issue  to  all  departments  of  the  Panama  Canal,  the  Panama  Railroad,  other 
branches  of  the  United  States  Government,  and  for  authorized  sales,  $5,750,000, 
together  with  all  moneys  arising  from  the  conduct  of  business  operations  authorized  by 
the  Panama  Canal  Act. 

For  sanitation,  quarantine,  hospitals,  and  medical  aid  and  support  of  the  insane  and 
of  lepers,  and  aid  and  support  of  indigent  persons  legally  within  the  Canal  Zone  includ- 
ing expenses  of  their  deportation  when  practicable,  $700,000. 

For  civil  government  of  the  Panama  Canal  and  Canal  Zone,  salaries  of  district  judge 
$6,000,  district  attorney  $5,000,  marshal  $5,000,  and  for  gratuities  and  necessary 
clothing  for  indigent  discharged  prisoners,  $600,000. 

In  all,  $16,800,000,  to  be  immediately  available  and  to  continue  available  until 
expended:  P/ortc?frf,  That  all  expenditures  from  the  appropriations  heretofore, 
herein,  and  hereafter  made  for  the  construction  of  the  Panama  Canal,  including  any 
portion  of  such  appropriations  which  may  be  used  for  the  construction  of  dry  docks, 
repair  shops,  yards,  docks,  wharves,  warehouses,  storehouses,  and  other  necessary 
facilities  and  appurtenances,  for  the  purpose  of  providing  coal  and  other  materials, 
labor,  repairs,  and  supplies,  for  the  construction  of  office  buildings  and  quarters,  and 
other  necessary  buildings,  exclusive  of  fortifications,  colliers,  dock  six  at  Cristobal, 
and  reboilering  of  steamships  Ancon  and  Cristobal,  which  steamships  shall  not  be 
transferred  to  the  Secretary  of  the  Navy,  as  provided  in  the  Act  of  May  twenty- 
seventh,  nineteen  hundred  and  eight,  and  exclusive  of  the  fair  value  of  the  American 
legation  building  in  Panama,  as  approved  by  the  Secretary  of  War  and  Secretary  of 
State,  which  building  is  authorized  to  be  transferred  without  charge  to  the  jurisdiction 
of  the  Secretary  of  State,  and  exclusive  of  the  amount  used  for  operating  and  maintain- 
ing the  canal,  and  exclusive  of  the  amount  expended  for  sanitation  and  civil  govern- 
ment after  January  first,  nineteen  hundred  and  fifteen,  may  be  paid  from  or  reimbursed 
to  the  Treasury  of  the  United  States  out  of  the  proceeds  of  the  sale  of  bonds  authorized 
in  section  eight  of  the  said  Act  approved  June  twenty-eighth,  nineteen  hundred  and 
two,  and  section  thirty-nine  of  the  tariff  Act  approved  August  fifth,  nineteen  hundred 
and  nine. 

Except  in  cases  of  emergency,  or  conditions  arising  subsequent  to  and  imforeseen 
at  the  time  of  submitting  the  annual  estimates  to  Congress,  and  except  for  those 
employed  in  connection  ^\-ith  the  construction  of  permanent  quarters,  offices,  and 
other  necessary  buildings,  dry  docks,  repair  shops,  yards,  docks,  wharves,  ware- 
houses, storehouses,  and  other  necessary  facilities  and  appiu-tenances  for  the  purpose 
of  pro\-iding  coal  and  other  materials,  labor,  repairs,  and  supplies,  and  except  for  the 
permanent  operating  organization  under  wliich  the  compensation  of  the  various  posi- 
tions is  limited  by  section  fom-  of  the  Panama  Canal  Act,  there  shall  not  be  employed 
at  any  time  during  the  fiscal  year  nineteen  hundred  and  seventeen  under  any  of  the 
foregoing  appropriations  for  the  Panama  Canal,  any  greater  number  of  persons  than 
are  specified  in  the  notes  submitted  respectively  in  connection  with  the  estimates  for 
each  of  said  appropriations  in  the  annual  Book  of  Estimates  for  said  year,  nor  shall 
there  be  paid  to  any  such  person  during  that  fiscal  year  any  greater  rate  of  compensa- 
tion than  was  authorized  to  be  paid  to  persons  occupying  the  same  or  like  positions 
on  the  first  day  of  July,  nineteen  hundred  and  fifteen;  and  all  eniplojTuents  made  or 
compensation  increased  because  of  emergencies  or  conditions  so  arising  shall  be  specifi- 
cally set  forth,  with  the  reasons  therefor,  by  the  governor  in  his  report  for  the  fiscal  year 
nineteen  hundred  and  seventeen. 

In  addition  to  the  foregoing  sums  there  is  appropriated,  for  the  fiscal  year  nineteen 
hundred  and  seventeen,  for  expenditure  and  reinvestment  under  the  several  heads 
of  appropriation  aforesaid  without  being  covered  into  the  Treasury  of  the  United 
States,  all  monevs  received  by  the  Panama  Canal  from  ser\ices  rendered  or  materials 
and  supplies  furnished  to  the  United  States,  the  Panama  Railroad  Company,  the 
Canal  Zone  government,  or  to  their  employees,  respectively,  or  to  the  Panama  Govern- 
ment, from  hotel  and  hospital  supplies  and  services;  from  rentals,  wharfage,  and  like 
services;  from  labor,  materials,  and  supplies  and  other  services  furnished  to  vessels 
other  than  those  passing  through  the  canal,  and  to  others  unable  to  obtain  the  same 
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elsewhere;  from  the  sale  of  scrap  and  other  by-products  of  manufacturing  and  shop 
operations;  from  the  sale  of  obsolete  and  unser\iceable  material,  supplies,  and  equip- 
ment piu*chased  or  acquired  for  the  operation,  maintenance,  protection,  sanitation, 
and  government  of  the  canal  and  Canal  Zone ;  and  any  net  profits  accriung  from  such 
business  to  the  Panama  Canal  shall  annually  be  covered  into  the  Treasiuy  of  the 
United  States. 

In  addition  there  is  appropriated  for  the  operation,  maintenance,  and  extension  of 
waterworks,  sewers,  and  pavements  in  the  cities  of  Panama  and  Colon,  during  the 
fiscal  year  nineteen  hundred  and  seventeen,  the  necessary  portions  of  such  suma  as 
shall  be  paid  as  water  rentals  or  directly  by  the  Government  of  Panama  for  such. 
expenses. 

FORTIFICATIONS,   PANAMA   CANAL. 

For  fortifications  and  armament  thereof  for  the  Panama  Canal,  to  be  immediately 
available  and  to  continue  available  imtil  expended,  namely: 

For  maintenance  of  clearings  and  trails,  $30,000. 

For  protection,  preservation,  and  repair  of  fortifications,  including  structures 
erected  for  torpedo  defense,  and  for  maintaining  channels  for  access  to  torpedo  wharves, 
$15,000. 

For  maintenance  and  repair  of  searchlights  and  electric  light  and  power  equipment 
for  fortifications,  and  for  tools,  electrical  and  other  supplies,  and  appliances  to  be 
used  in  their  operation,  $7,500. 

For  the  construction  of  seacoast  batteries,  $400,000; 

For  the  construction  of  mining  casemates,  cable  galleries,  torpedo  storehouses,  cable 
tanks,  and  other  structures  necessary  for  the  operation,  preservation,  and  care  of  sub- 
marine mines  and  their  accessories  on  the  Canal  Zone,  $47,000. 

For  purchase  of  submarine  mines  and  the  necessary  appliances  to  operate  them  for 
closing  channels  leading  to  the  Panama  Canal,  $240,000. 

For  alteration,  maintenance,  and  repair  of  submarine  mine  materiel,  $2,500; 

For  operation  and  maintenance  of  fire-control  installations  at  seacoast  defenses, 
$5,000. 

For  the  purchase,  manufacture,  and  test  of  seacoast  cannon  for  coast  defense, 
including  their  carriages,  sights,  implements,  equipments,  and  the  machinery  necessary 
for  their  manufacture  at  the  arsenals,  $120,000:  J'rovickd,  That  the  Chief  of  Ordnance, 
United  States  Army,  is  authorized  to  enter  into  contracts  or  otherwise  incur  obligations 
for  the  purpose  above  mentioned  not  to  exceed  $180,000  in  addition  to  the  appropria- 
tions herein  and  heretofore  made. 

For  the  purchase,  manufacture,  and  test  of  ammunition  for  seacoast  and  land  defense 
cannon,  inchiding  the  necessary  experiments  in  connection  therewith,  and  the 
machinery  necessary  for  its  manufacture  at  the  arsenals,  $1,600,000. 

For  the  alteration,  maintenance,  and  installation  of  the  seacoast  artillery,  including 
the  purchase  and  manufacture  of  machinery,  tools,  and  materials  necessary  for  the 
work,  and  expenses  of  civilian  mechanics,  and  extra-duty  pay  of  enlisted  men  engaged 
thereon,  $G8,000. 

For  continuing  the  construction  of  barracks,  quarters,  storehouses,  and  other  biuld- 
ings  necessary  lor  accommodating  the  mobile  army  and  Coast  Artillery  troops  to  be 
stationed  there,  including  water,  sewer,  and  lighting  systems,  roads,  walks,  and  so 
forth,  and  for  repairing  and  remodeling  existing  buildings  to  render  them  suitable  for 
sheltering  troops,  $2,000,000; 

In  all,  specifically  for  fortifications  and  armament  thereof  for  the  Panama  Canal, 
$4,535,000. 

Provided,  That  no  part  of  the  appropriations  made  in  this  Act  shall  be  available  for 
the  salary  or  pay  of  any  officer,  manager,  superintendent,  foreman,  or  other  person 
having  charge  of  the  work  of  any  employee  of  the  United  States  while  making  or 
causing  to  be  made  with  a  stop  watch,  or  other  time-meastu'ing  de\dce,  a  time  study 
of  any  job  of  any  such  employee  between  the  starting  and  completion  thereof,  or  of 
the  movements  of  any  such  employee  while  engaged  upon  such  works;  nor  shall  any 
part  of  the  appropriations  made  in  this  Act  be  available  to  pay  any  premium  or  bonus 
or  cash  reward  to  any  employee  in  addition  to  his  regtdar  wages,  except  for  suggestions 
resulting  in  improvements  or  economy  in  the  operation  of  any  Government  plant. 

Sec.  2.  That  the  Joint  Land  Commission  established  under  article  fifteen  of  the 
treaty  between  the  United  States  and  the  Republic  of  Panama,  proclaimed  February 
twenty-sixth,  nineteen  himdred  and  fotir,  shall  not  have  jurisdiction  to  adjudicate  or 
settle  any  claim  originating  under  any  lease  or  contract  for  occupancy  heretofore  or 
hereafter  made  by  the  Panama  Railroad  Company  of  lands  or  property  owned  by  said 
Panama  Railroad  Company  in  the  Canal  Zone,  and  no  part  of  the  moneys  appropriated 
by  this  or  any  other  Act  shall  be  tised  to  pay  such  claims. 
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Sec.  3.  That  appropriations  herein  and  hereafter  made  for  printing  and  binding 
shall  not  be  used  for  any  annual  report  or  the  accompanying  documents  unless  the 
copy  therefor  is  furnished  to  the  Public  Printer  in  the  following  manner:  Copies  of 
the  "documents  accompanying  such  annual  reports  on  or  before  the  fifteenth  day  of 
October  of  each  year;  copies  of  the  annual  reports  on  or  before  the  fifteenth  day  of 
November  of  each  year;  complete  re%-ised  proofs  of  the  accompanying  documents  and 
the  annual  reports  on  the  tenth  and  twentieth  days  of  November  of  each  year,  respec- 
tivelv;  and  all  of  said  annual  reports  and  accompanying  documents  t^hall  be  printed, 
made  public,  and  available  for  distribution  not  later  than  within  the  first  five  days 
after  the  a.-*sembling  of  each  regular  session  of  ( 'ongress.  The  provisions  of  this  section 
shall  not  apply  to  the  annual  reports  of  the  Smithsonian  Institution,  the  Commissioner 
of  Patents,  or  the  Comptroller  of  the  Currency. 

Sec.  4.  That  the  information  required  in  connection  with  estimates  for  general  or 
lump-sum  appropriations  by  section  ten  of  the  sundry  civil  appropriation  Act, 
approved  August  first,  nineteen  hundred  and  fourteen,  shall  be  submitted  hereafter 
according  to  uniform  and  concise  methods  which  shall  be  prescribed  by  the  Secretary 
of  the  Treasury,  but  with  reference  to  estimates  for  pay  of  mechanics  and  laborera 
there  shall  be  submitted  in  detail  only  the  ratings  and  trades  and  the  rates  per  diem 

paid  or  to  be  paid.  .         ,        ,    „      ,  ,     .     ,•.        i-  ^i 

Skc  5.  That  hereafter  at  the  termination  of  each  fiscal  year  each  Auditor  of  the 
Treasury  shall  report  to  the  Secretary  of  the  Treasury  all  checks  issued  by  any  dis- 
bursing officer  of  the  Government  as  shown  by  his  accounts  rendered  to  such  auditor, 
which'shall  then  have  been  outstanding  and  unpaid  for  tliree  years  or  more,  stating 
fully  in  such  report  the  name  of  the  payee,  for  what  purpose  each  check  was  given,  the 
office  on  which  drawn,  the  number  of  the  voucher  received  therefor,  the  date,  the 
number  and  the  amount  for  which  it  was  drawn,  and,  when  known,  the  residence  of 
the  payee.  And  such  reports  shall  be  in  lieu  of  the  returns  required  of  disbursing 
officers  by  section  three  hundred  and  ten  of  the  Revised  Statutes. 

Sec  6.  That  all  sums  appropriated  by  this  Act  for  salaries  of  officers  and  employees 
of  the  Government  shall  be  in  full  for  such  salaries  for  the  fiscal  year  nineteen  hun- 
dred and  seventeen,  and  all  laws  or  parts  of  laws  to  the  extent  they  are  in  conflict 
with  the  provisions  of  this  Act  are  repealed. 
Approved,  July  1,  1916. 

AN  ACT  Making  appropriations  for  the  Diplomatic  and  Consular  Service  for  the  fiscal  year  ending  June 
thirtieth,  nineteen  hundred  and  seventeen. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  following  sums  be,  and  they  are  hereby,  severally 
appropriated,  in  full  compensation  for  the  Diplomatic  and  Consular  Service  for  the 
fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  seventeen,  out  of  any  money 
in  the  Treasmy  not  otherwise  appropriated,  for  the  objects  hereinafter  expressed, 
namely: 

•it  *****  * 

Payment  to  the  Government  op  Panama:  To  enable  the  Secretary  of  State  to 
pay  to  the  Government  of  Panama  the  fifth  annual  payment  due  on  February  twenty- 
sixth,  nineteen  hundred  and  seventeen,  from  the  Government  of  the  United  States 
to  the  Government  of  Panama  under  article  fourteen  of  the  treaty  of  November 
eighteenth,  nineteen  hundred  and  tluree,  $250,000. 

******* 

RELIEF   AND   PROTECTION   OF   AMERICAN    SEAMEN. 

Relief  and  protection  of  American  seamen  in  foreign  countries,  and  in  the  Panama 
Canal  Zone,  and  shipwrecked  American  seamen  in  the  Territory  of  Alaska,  in  the 
Hawaiian  Islands,  Porto  Rico,  and  the  Philippine  Islands,  $40,000. 

******* 

Approved,  July  1,  1916. 


AN  ACT  For  the  relief  of  Joseph  A.  Buckholdt. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  Secretary  of  the  Treasury  be,  and  he  is  hereby,  author- 
ized and  directed  to  pay,  out  of  any  money  in  the  Treasury  not  otherAvise  appropri- 
ated, to  Joseph  A.  Buckholdt,  of  San  Antonio,  Texas,  the  sum  of  $3,000,  in  full  com- 
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pensation  for  injuries  received  by  him  by  reason  of  an  accident  which  occurred  on 
January  twenty-sixth,  nineteen  "hundred  and  foui'teen,  while  in  the  employ  of  the 
United"  States  Government  on  the  Panama  Canal. 
Approved,  August  4,  1916. 

AN  ACT  For  the  relief  of  Olaf  Nelson. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled.  That  the  Secretary  of  the  Treasury  be,  and  he  is  hereby,  author- 
ized and  directed  to  pay  to  Olaf  Nelson,  out  of  any  money  in  the  Treasm-y  not  other- 
wise appropriated,  the  sum  of  $1,200,  in  compensation  for  injuiies  sustained  on  the 
Panama  Canal  while  in  the  discharge  of  his  duties. 

Approved,  August  8,  1916 

AN  ACT  Making  appropriations  for  the  Department  of  Agriculture  for  the  fiscal  year  ending  June  thir- 
tietn,  nineteen  hundred  and  seventeen,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled.  That  the  following  sums  be,  and  they  are  hereby,  appropri- 
ated, out  of  any  money  in  the  Treasury  of  the  United  States  not  otherwise  appropri- 
ated, in  full  compensation  for  the  fiscal  year  ending  June  tliirtieth,  nineteen  hundred 
and  seventeen,  for  the  purposes  and  objects  hereinafter  expressed,  namely: 

******* 

Gexeeal  expenses.  Weather  Bureau:  For  carrying  into  effect  in  the  District 
of  Columbia  and  elsewhere  in  the  United  States,  in  the  West  Indies,  in  the  Panama 
Canal,  the  Caribbean  Sea,  and  on  adjacent  coasts,  in  the  Hawaiian  Islands,  in  Ber- 
muda, and  in  Alaska,  the  provisions  of  an  Act  approved  October  first,  eighteen  hun- 
dred and  ninety,  so  far  as  they  relate  to  the  weather  ser\-ice  transfeiTed  thereby  to 
the  Department  of  Agriculture,     *    *    * 

In  all,  for  general  expenses,  $1,411,200. 

******* 

Approved.  August  11,  1916. 


AN  ACT  Extending  certain  privileges  of  canal  employees  to  other  officials  on  the  Canal  Zone  and  author- 
izing the  Presideiit  to  make  rules  and  regulations  affecting  health,  sanitation,  quarantine,  ta.xation, 
public  roads,  self-propelled  vehicles,  and  police  powers  on  the  Canal  Zone,  and  for  other  purposes, 
including  provision  as  to  certain  fees,  money  orders,  and  interest  deposits. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled.  That,  until  other^^ise  proA^ded  by  Congress,  the  President  is 
authorized  to  make  rules  and  regulations  in  matters  of  sanitation,  health,  and  quar- 
antine for  the  Canal  Zone  or  to  modify  or  change  existing  rules  and  regulations  and 
those  hereafter  made  from  time  to  time.  Violations  of  any  quarantine  regulaliong 
provided  for  herein  shall  be  punished  by  fine  not  to  exceed  $500  or  by  imprisonment 
in  jail  not  to  exceed  ninety  days,  or  by  both  such  fine  and  imprisonment,  in  the 
court's  discretion;  and  a  violation  of  any  sanitary  regulations  hereunder  shall  be 
punished  by  a  fine  not  to  exceed  $25  or  by  imprisonment  in  jail  not  to  exceed  tliirty 
days,  or  by"  both  such  fine  and  imprisonment,  in  the  cotirt's  discretion.  Each  day 
such  \iolat"ion  mav  continue  shall  constitute  a  separate  offense. 

Sec.  2.  That,  until  otherwise  pro^'ided  by  Congress,  the  President  is  hereby 
authorized  to  make  and  from  time  to  time  change  rules  and  regulations  for  lev\dng, 
assessing,  and  collecting  ad  valorem,  excise,  license,  and  franchise  taxes  in  the  Canal 
Zone,  or  to  modify  or  change  existing  rules  or  regulations  for  that  purpo.se.  Ad 
valorem  taxes  imposed  shall  not  exceed  one  per  centum  of  the  value  of  the  property, 
nor  shall  franchise  or  excise  taxes  exceed  two  per  centum  of  gross  earnings. 

Sec.  3.  That,  until  otherwise  provided  by  Congress,  it  shall  be  lawful  for  the 
President  to  make,  publish,  and  enforce  all  rules  and  regulations  for  the  use  of  the 
public  roads  and  highways  in  the  Canal  Zone,  and  also  for  regulating,  licensing, 
and  taxing  the  use  and  operation  of  all  .self-propelled  vehicles  using  the  pulilic  high- 
ways, including  speed  limit,  signals,  tags,  license  fees,  and  all  detailed  regulations 
which  may  he  from  time  to  time  deemed  necessary  in  the  exercise  of  the  authority 
hereby  conferred.  The  taxes  on  automobiles  may  "be  graded  according  to  the  value 
or  the  power  of  the  machine,  and  such  rules  and  regulations  as  now  exist  may  be 
changed  by  such  order  from  time  to  time,  and  any  that  may  be  hereafter  made  may 
be  changed  from  time  to  time.  The  President  may  make  mutual  agreements  with 
the  Republic  of  Panama  touching  the  reciprocal  use  of  the  liighways  of  the  Canal 
Zone  and  the  Republic  of  Panama  by  self-propelled  vehicles  toucliing  taxes  and 
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license  fees,  and  any  other  matler  of  regulation  to  establish  comity  for  the  conven- 
ience  of  the  residents  of  the  two  jurisdictions. 

Sec.  4.  That  it  shall  be  unlawful  to  commit  any  breach  of  the  peace  or  enp;age  in  or 
permit  any  disorderly,  indecent,  or  immoral  conduct  in  the  Canal  Zone.  The  Presi- 
dent is  authorized  to  enforce  this  provision  by  making  rules  and  regulations  to  assert 
and  exercise  the  police  power  in  the  Canal  Zone,  or  for  any  portion  or  division  thereof, 
and  he  may  amend  or  change  any  such  regulation  now  existing  or  hereafter  made. 

Sicc.  5.  That  any  person  who  commits  any  act  or  who  carries  on  any  business,  trade, 
or  occujiation  in  the  Canal  Zone  without  complying  with  the  rules  and  regulations 
established  by  the  President  for  the  levying,  assessing,  and  collecting  of  taxes,  or  who 
violates  any  rules  or  regulations  for  tlie  use  of  the  public  roads  and  highways,  or  who 
violates  any  rules  and  regulations  touching  the  licensing,  taxes,  operation,  and  use  of 
self-propelled  vehiiles,  or  who  violates  any  of  the  police  regulations  authorized  here- 
under, shall  be  punished  by  fine  not  to  exceed  $25  or  by  imprisonment  in  jail  not  to 
exceed  thirty  days,  or  by  both  such  fine  and  im))risonment,  in  the  court's  discretion. 

Sec.  6.  That  deposit  money  orders  issued  in  the  Canal  Zone  in  lieu  of  postal  savings 
certificates  in  accordance  with  the  rules  and  regulations  heretofore  established  by  the 
President,  or  that  may  hereafter  be  established  by  him,  shall  bear  interest  at  a  rate 
not  exceeding  two  per  centum  per  annum. 

Sec.  7.  That  the  interest  received  from  the  Canal  Zone  money-order  funds  deposited 
in  banks  under  Canal  Zone  regulations  shall  be  available  to  pay  the  interest  on  deposit 
money  orders  authorized  by  the  preceding  section.  Such  interest  shall  also  be  avail- 
able to  pay  any  losses  which  are  chargeable  to  the  Canal  Zone  postal  service. 

Sec.  8.  That  whenever  a  customs  otlicer  of  the  Canal  Zone  shall  certify  an  invoice, 
landing  certificate,  or  other  similar  document,  or  shall  register  a  marine  note  of  pro- 
test, or  shall  perform  any  notarial  services,  he  shall  be  authorized  to  collect  a  fee 
equivalent  to  the  fee  prescribed  by  the  United  States  consular  regulations  for  the 
same  act  or  ser\'ice  when  performed  by  consular  officials. 

Sec  9.  The  laws  relating  to  seamen  of  vessels  of  the  United  States  on  foreign  voyages 
shall  apply  to  seamen  of  all  vessels  of  the  United  States  at  the  Panama  Canal  Zone, 
whether  such  vessels  be  registered  or  enrolled  and  licensed,  and  the  powers  in  respect 
of  such  seamen  of  such  vessels  bestowed  by  law  upon  consular  ofhcers  of  the  United 
States  in  foreign  ports  and  upon  sliipping  commissioners  in  ports  of  the  United  States 
are  hereby  bestowed  upon  the  shipping  commissioner  and  deputy  shipping  commis- 
sioners on  the  Panama  Canal  Zone. 

Sec.  10.  The  President  is  hereby  authorized  to  make  rules  and  regulations,  and  to 
alter  or  amend  the  same  from  time  to  timp,  touching  the  right  of  any  person  to  enter  or 
remain  ui)on  or  pass  over  any  part  of  the  Canal  Zone;  for  the  detention  of  any  person 
entering  the  Canal  Zone  in  violation  of  such  rules  and  regulations,  and  return  of  such 
person  to  the  country  whence  he  or  she  came,  on  the  vessel  bringing  such  person  to 
the  Canal  Zone,  or  any  other  vessel  belonging  to  the  same  owner  or  interest,  and  at  the 
expense  of  such  owner  or  interest;  and  in  addition  to  the  punishment  prescribed  by 
this  section  for  violation  of  any  such  rules  and  regulations,  the  authorities  of  the  Canal 
Zone  may  ^vithhold  the  clearance  of  such  vessel  from  any  port  in  the  Canal  Zone  until 
any  fine  imposed  and  the  cost  of  maintenance  of  stich  person  are  paid.  Any  person 
violating  any  of  such  rules  or  regulations  shall  be  guilty  of  a  misdemeanor,  and  on 
conviction  in  the  district  court  of  the  Canal  Zone  shall  be  punished  by  a  fine  not  ex- 
ceeding $500  or  by  imprisonment  not  exceeding  a  year,  or  both  in  the  discretion  of  the 
court.  It  shall  be  unlawful  for  any  person,  by  any  means  or  in  any  way,  to  injure  or 
obstruct  or  attempt  to  injure  or  obstruct,  any  part  of  the  Panama  Canal  or  the  locks 
thereof  or  the  approaches  thereto.  Any  person  violating  this  provision  shall  be  guilty 
of  a  felony,  and  on  conviction  in  the  district  court  of  the  Canal  Zone  shall  be  punished 
by  a  fine  not  exceeding  i'lO.OOO  or  by  imprisonment  not  exceeding  twenty  years,  or 
both,  in  the  discretion  of  the  court.  If  the  act  shall  cause  the  death  of  any  person 
within  a  year  and  a  day  thereafter,  the  person  so  convicted  shall  be  guilty  of  murder 
and  shall  be  punished  accordingly. 

Sec.  11.  That  all  laws,  orders,  or  ordinances  in  conflict  with  this  Act  are  hereby 
repealed . 

Approved,  August  21,  1916. 

AN  ACT  Making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  ending  June  thirtieth, 
nineteen  hundred  and  seventeen,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  following  sums  be,  and  they  are  hereby,  appropriated, 
out  of  any  money  in  the  Treasury  not  otherwise  appropriated,  for  the  support  of  the 
Army  for  the  year  ending  June  thirtieth,  nineteen  hundred  and  seventeen. 
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Pay  of  Officers  of  the  Line. 

*  *  *  *  *  *  * 

And  provided  further.  That  the  general  officers  of  the  line  who  were  appointed  as 
such  pursuant  to  the  Act  of  March  fourth,  nineteen  hundred  and  fifteen  (Thirty-eighth 
Statutes  at  Large,  page  eleven  hundred  and  ninety-one),  shall  take  rank  in  their 
present  grades  over  all  officers  hereafter  appointed  to  like  grades. 

******* 

Barracks  and  Quarters. 


Provided  further ,  That  the  Secretary  of  War  is  authorized  to  expend  from  the  above 
amount  not  to  exceed  $110,000  for  the  purpose  of  providing  temporary  shelter  on  the 
Canal  Zone  for  one  regiment  of  Infantry  and  one  company  of  Engineers. 

******* 

Medical  Department. 

Medical  and  Hospital  Department:  For  the  purchase  of  medical  and  hospital 
supplies,  including  motor  ambulances,  aad  motorcycles  for  medical  service,  their 
maintenance,  repair,  and  operation,  and  disinfectants,  and  the  exchange  of  type- 
writing machines,  for  military  posts,  camps,  hospitals,  hospital  ships  and  transports, 
and  supplies  required  for  mosquito  destruction  in  and  about  the  military  posts  in  the 
Canal  Zone:     *    *    *    $4,500,000. 

*  *  *  *  *  *  * 
Hospital  care,  Canal  Zone  garrisons:  For  paying  the  Panama  Canal  such 

reasonable  charges,  exclusive  of  subsistence,  as  may  be  approved  by  the  Secretary  of 
War  for  caring  in  its  hospitals  for  officers,  enlisted  men,  military  prisoners,  and  civilian 
employees  of  the  Army  admitted  thereto  upon  the  request  of  proper  military  authority: 
Provided,  That  the  subsistence  of  the  said  patients,  except  commissioned  officers  and 
acting  dental  sm'geons,  shall  be  paid  to  said  hospitals  out  of  the  appropriation  for  sub- 
sistence of  the  Army  at  the  rates  provided  therein  for  commutation  of  rations  for  en- 
listed patients  in  general  hospitals,  $45,000. 

*  *  *  *    .  *  *  * 
Approved,  August  29,  1916. 


AN  ACT  Making  appropriations  for  the  naval  service  for  the  fiscal  year  ending  June  tliirt;e!h,  nmetcen 
hundred  and  seventeen,  and  for  other  purposes. 

Be  it  enacted  by  the  Seriate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  following  sums  be,  and  they  are  hereby,  appropriated, 
to  be  paid  out  of  any  money  in  the  Treasury  not  otherwise  appropriated,  for  the  naval 
service  of  the  Government  for  the  year  ending  June  thirtieth,  nineteen  hundred  and 
eeventeen,  and  for  other  purposes: 

******* 

Section  six  of  an  Act  entitled  "An  Act  making  appropriations  for  (he  legislative, 
executive,  and  judicial  expenses  of  the  Government  for  the  fiscal  year  ending  June 
thirtieth,  nineteen  hundred  and  seventeen,  namely: "  approved  May  tenth,  nineteen 
hundred  and  sixteen,  is  hereby  amended  so  as  to  read  as  follows: 

'"Sec.  6.  That  unless  otherwise  specially  authorized  by  law,  no  money  appropriated 
by  this  or  any  other  Act  shall  be  available  for  payment  to  any  person  receiving  more 
than  one  salary  when  the  combined  amount  of  said  salaries  exceeds  the  sum  of  $2,000 

Ser  annum,  but  this  shall  not  apply  to  retired  officers  or  enlisted  men  of  the  Army, 
avy.  Marine  Corps,  or  Coast  Guard,  or  to  officers  and  enUsted  men  of  the  Organized 
Militia  and  Naval  MiUtia  in  the  several  States,  Territories,  and  the  District  of  Colum- 
bia: Provided,  That  no  such  retired  officer,  officer,  or  enlisted  man  shall  be  denied  or 
deprived  of  any  of  his  pay,  salary,  or  compensation  as  such,  or  of  any  other  salary  or 
compensation  for  ser\ices  heretofore  rendered,  by  reason  of  any  decision  or  construc- 
tion of  said  section  six. " 
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Bureau  of  Constructiox  and  Repair. 


Installing  gun  foundations  on  Panama  Canal  rolliers  Ulysses  and  Achilles, 
$10,071,009.16. 

Bureau  of  Steam  Exgixeering. 

TTigli-power  radio  stations:  For  the  completion  of  high-power  radio  stations  (cost 
not  to  exceed  $1,500,000),  to  be  located  as  follows:  One  in  the  I.sthmian  Canal  Zone, 
one  on  the  California  coast,  one  in  the  Hawaiian  Islands,  one  in  American  Samoa, 
one  on  the  island  of  Guam,  and  one  in  the  Philippine  Islands,  $300,000,  to  be  available 
until  expended. 

Approved,  August  29,  1916. 


AN  ACT  To  provide  compensation  for  employees  of  the  United  States  suffering  injuries  v/hile  in  the 
performance  of  their  duties,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  Stales  of  America 
in  Congress  assembled,  That  the  United  States  shall  pay  compensation  as  hereinafter 
specified  for  the  disability  or  death  of  an  employee  resulting  from  a  personal  injury 
sustained  while  in  the  performance  of  his  duty,  but  no  compensation  shall  be  paid  if 
the  injury  or  death  is  caused  by  the  willful  misconduct  of  the  employee  or  by  the 
employee's  intention  to  bring  about  the  injury  or  death  of  himself  or  of  another,  or  if 
intoxication  of  the  injured  employee  is  the  proximate  cause  of  the  injury  or  death. 

Sec,  2.  That  during  the  first  three  days  of  disability  the  employee  shall  not  be 
entitled  to  compensation  except  as  provided  in  section  nine.  No  compensation  shall  at 
any  time  be  paid  for  such  period. 

Sec.  3.  That  if  the  disability  is  total  the  United  States  shall  pay  to  the  disabled 
employee  during  such  disability  a  monthly  compensation  equal  to  sixty-six  and  two- 
thirds  per  centum  of  his  monthly  pay,  except  as  hereinafter  provided. 

Sec.  4.  That  if  the  disability  is  partial  the  United  States  shall  pay  to  the  disabled 
employee  during  such  disability  a  monthly  compensation  equal  to  sixty-six  and  two- 
thirds  per  centum  of  the  difference  between  his  monthly  pay  and  Ms  monthly  wage- 
earning  capacity  after  the  beginning  of  such  partial  disability.  The  commission  may, 
from  time  to  time,  require  a  partially  disabled  employee  to  make  an  affidavit  as  to  the 
wages  which,  he  is  then  receiving.  In  such  affidavit  the  employee  shall  include  a 
Etatement  of  the  value  of  housing,  board,  lodging,  and  other  advantages  which  are 
received  from  the  employer  as  a  part  of  his  remuneration  and  which  can  be  estimated 
in  money.  If  the  employee,  when  required,  fails  to  make  such  affidavit,  he  shall  not 
be  entitled  to  any  compensation  vv'hile  such  failure  continues,  and  the  period  of  such 
failure  shall  be  deducted  from  the  period  during  which  compensation  is  payable  to 
him. 

Sec.  5.  That  if  a  partially  disabled  employee  refuses  to  seek  suitable  work  or  re- 
fuses or  neglects  to  v.ork  after  suitable  work  is  offered  to,  procured  by,  or  secured  for 
him,  he  shall  not  be  entitled  to  any  compensation. 

Sec.  6.  That  the  monthly  compensation  for  total  disability  shall  not  be  more  than 
$66.67  nor  less  than  $33.33,  unless  the  employee's  monthly  pay  is  less  than  $33.33,  in 
which  case  his  monthly  compensation  shall  be  the  full  amount  of  his  monthly  pay. 
The  monthly  compensation  for  partial  disability  shall  not  be  more  than  $66.67.  In 
the  case  of  persons  who  at  the  time  of  the  injury  were  minors  or  employed  in  a  learner's 
capacity  and  who  were  not  physically  or  mentally  defective,  the  commission  shall, 
on  any  review  after  the  time  when  the  monthly  wage-earning  capacity  of  such  persons 
would  probably,  but  for  the  injury,  have  increased,  award  compensation  based  on 
such  probable  monthly  wage-earning  capacity.  The  commission  may,  on  any  review 
after  the  time  when  the  monthly  wage-earning  capacity  of  the  disabled  employee 
would  probably,  irrespective  of  the  injury,  have  decreased  on  account  of  old  age, 
award  compensation  based  on  such  probable  monthly  wage-earning  capacity. 

Sec.  7.  That  as  long  as  the  employee  is  in  receipt  of  compensation  under  this  Act, 
or,  if  he  has  been  paid  a  lump  sum  in  commutation  of  installment  payments,  until  the 
expiration  of  the  period  during  which  such  installment  payments  would  have  con- 
tinued, he  shall  not  receive  from  the  United  States  any  salary,  pay,  or  remuneration 
whatsoever  except  in  return  for  services  actually  performed,  and  except  pensions  for 
service  in  the  Army  or  Navy  of  the  United  States. 
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Sec.  8.  That  if  at  the  time  the  disability  begins  the  employee  has  annual  or  sick 
leave  to  his  credit  he  may,  subject  to  the  approval  of  the  head  of  the  department,  use 
surh  leave  until  it  is  exhausted,  in  which  case  his  compensation  shall  begin  on  the 
fourth  day  of  disability  after  the  annual  or  sick  leave  has  ceased. 

Sec.  9.  "That  immediately  after  an  injury  sustained  by  an  employee  while  in  the 
performance  of  his  duty,  whether  or  not  disability  has  arisen,  and  for  a  reasonable 
time  thereafter,  the  United  States  shall  furnisii  to  such  employee  reasonable  medical, 
surgical,  and  hospital  services  and  supplies  unless  he  refuses  to  accept  them.  Such 
services  and  supplies  shall  be  furnished  by  United  States  medical  ofhcers  and  hospi- 
tals, but  where  this  is  not  practicable  shall  be  furnished  by  private  pliysicians  and 
hospitals  designated  or  approved  by  the  commission  and  paid  for  from  the  employees' 
compensation  fund.  If  necessary  for  the  securing  of  proper  medical,  surgical,  and 
hospital  treatment,  the  employee,  in  the'discretion  of  the  commission,  may  be  fur- 
nished transportation  at  the  expense  of  the  employees'  compensation  fund. 

Sec.  10.  That  if  death  results  from  the  injury  within  six  years  the  United  States 
shall  pay  to  the  following  persons  for  the  following  periods  a  monthly  compensation 
equal  to  the  following  percentages  of  the  deceased  employee's  monthly  pay,  subject 
to  the  modification  that  no  compensation  shall  be  paid  where  the  death  takes  place 
more  than  one  year  after  the  cessation  of  disability  resulting  from  such  injury,  or,  if 
there  has  been  no  disability  preceding  death,  more  than  one  year  after  the  injury: 

(A)  To  the  widow,  if  there  is  no  child,  thirty-five  per  centum.  This  compensation 
shall  be  paid  until  her  death  or  miarriage. 

(B)  To  the  widower,  if  there  is  no  child,  thirty-five  per  centum  if  wholly  depend- 
ent for  support  upon  the  deceased  employee  at  the  time  of  her  death.  This  compen- 
sation shall  be  paid  until  his  death  or  marriage. 

(C)  To  the  widow  or  widower,  if  there  is  a  child,  the  compensation  payable  under 
clause  (A)  or  clause  (B)  and  in  addition  thereto  ten  per  centum  for  each  child,  not  to 
exceed  a  total  of  sixty-six  and  two-thirds  per  centum  for  such  widow  or  widower  and 
children.  If  a  child  has  a  guardian  other  than  the  surviving  widow  or  widower,  the 
compensation  payable  on  account  of  such  child  shall  be  paid  to  such  guardian.  The 
compensation  payable  on  account  of  any  child  shall  cease  when  he  dies,  marries,  or 
reaches  the  age  ofeighteen,  or,  if  over  eighteen,  and  incapable  of  self-support,  becomes 
capable  of  self-support. 

(D)  To  the  children,  if  there  is  no  widow  or  widower,  twenty-five  per  centum  for 
one  child  and  ten  per  centum  additional  for  each  additional  child,  not  to  exceed  a 
total  of  sixty-six  and  two-thirds  per  centum,  divided  among  such  children  share  and 
share  alike."  The  compensation  of  each  child  shall  be  paid  until  he  dies,  marries,  or 
reaches  the  age  of  eighteen,  or,  if  over  eighteen  and  incapable  of  self-support,  becomes 
capable  of  self-support.  The  compensation  of  a  child  under  legal  age  shall  be  paid  to 
its  guardian. 

(E)  To  the  parents,  if  one  is  wholly  dependent  for  support  upon  the  deceased 
employee  at  the  time  of  his  death  and  the  other  is  not  dependent  to  any  extent,  twen- 
ty-five per  centum;  if  both  are  wholly  dependent,  twenty  per  centum  to  each;  if  one 
is  or  both  are  partly  dependent,  a  proportionate  amount  in  the  discretion  of  the  com- 
mission. 

The  above  percentages  shall  be  paid  if  there  is  no  widow,  widower,  or  child.  If 
there  is  a  widow,  widower,  or  child,  there  shall  be  paid  so  much  of  the  above  per- 
centages as,  when  added  to  the  total  percentages  payal)le  to  the  widow,  widower,  and 
children,  will  not  exceed  a  total  of  sixty-six  and  two-thirds  per  centum. 

(F)  To  the  brothers,  sisters.  grandi>arents,  and  grandchildren,  if  one  is  wholly 
dependent  upon  the  deceased  employee  for  support  at  the  time  of  his  death,  twenty 
per  centum  to  such  dependent;  if  nioi^e  than'one  are  wholly  dependent,  tliirty  per 
centum,  di\-ided  among  such  dependents  share  and  share  alike;  if  there  is  no  one  of 
them  wholly  dependent,  btit  one  or  more  partly  dependent,  ten  per  centum  divided 
among  such  dependents  share  and  share  alike. 

The  above  percentages  shall  be  paid  if  there  is  no  widow,  widower,  child,  or  de- 
pendent parent.  If  there  is  a  widow,  widower,  «hild,  or  dependent  parent,  there  shall 
l>e  paid  so  much  of  the  above  pen-entages  as,  when  added  to  the  total  percentage  pay- 
able to  the  widow,  widower,  children,  and  dependent  parents,  will  not  exceed  a 
total  of  sixty-six  and  two-thirds  per  centum. 

(G)  The  compen.sation  of  each  beneficiary  under  clauses  (E)  and  (F)  shall  be  paid 
for  a  period  ot  eight  years  from  the  time  of  the  death,  unless  before  that  time  lie.  if  a 
parent  or  grandparent,  dies,  marries,  or  ceases  to  be  dependent,  or,  if  a  brother,  sister, 
or  grandcliild,  dies,  marries,  or  reaches  the  age  of  eighteen,  or,  if  over  eighteen  and 
incapaole  of  self-support,  becomes  capable  of  self-support.  The  compensation  of  a 
brother,  sister,  or  grandchild  under  legal  age  shall  l)e  paid  to  his  or  her  guardian 
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(TT)  As  used  in  this  section,  the  term  "child "  inchidcs  stopcliildron,  adopted 
c-hildren.  and  posthumoua  cliildren,  but  does  not  inchide  married  cliildren.  The 
terms  "brotlier"  and  "sister"  include  stepbrothers  and  stepsisters,  halt'  brothers  and 
half  sisters,  and  brothers  and  sisters  by  adoption,  bat  do  not  include  married  brothers 
or  married  sisters.  All  of  the  above  terms  and  the  term  "grandchild"  include  only 
persons  "who  at  the  time  of  the  death  of  the  deceased  employee  are  under  eighteen 
years  of  age  or  over  that  age  and  incapable  of  self-support.  The  term  "parent"  in- 
cludes stepparent-s  and  parents  by  adoption.  The  term  "■w'idow"  includes  only 
the  decedent's  wife  living  with  or  dependent  for  support  upon  him  at  the  time  of  hia 
death.  The  term  "widower"  includes  only  the  decedent's  husband  dependent  for 
support  upon  her  at  the  time  of  her  death.  The  terms  "adopted"  and  "adoption" 
as  used  in  this  clause  include  only  legal  adoption  prior  to  the  time  of  the  injury. 

(I)  Ujjon  the  cessation  of  compensation  under  this  section  to  or  on  account  of  any 
person,  the  compensation  of  the  remaining  persons  entitled  to  compensation  for  the 
unexpired  part  of  the  period  during  which  their  compensation  is  payable  shall  be 
that  wliich  such  persons  would  have  received  if  they  had  been  the  only  persona 
entitled  to  compensation  at  the  time  of  the  decedent's  death. 

(J)  In  case  there  are  two  or  more  classes  of  persons  entitled  to  compensation  under 
this  section  and  the  apportionment  of  such  compensation,  above  provided,  would 
result  in  injustice,  the  commission  may  in  its  discretion,  modify  the  apportionment 
to  meet  the  requirements  of  the  case. 

_  (K)  In  computing  compensation  under  this  section,  the  monthly  pay  shall  be  con- 
sidered not  to  be  more  than  $100  nor  less  than  $50,  but  the  total  monthly  compensa- 
tion shall  not  exceed  the  monthly  pay  computed  as  provided  in  section  twelve. 

(L)  If  any  person  entitled  to  compensa^tion  under  tliis  section,  whose  compensa- 
tion by  the  terms  of  this  section  ceases  upon  his  marriage,  accepts  any  payments  of 
compensation  after  his  marriage  he  shall  be  punished  by  a  fine  of  not  more  than  $2,000 
or  by  imprisonment  for  not  more  than  one  year,  or  by  both  such  fine  and  imprison- 
ment. 

Sec.  11.  That  if  death  results  from  the  injury  within  six  years  the  United  States 
shall  pay  to  the  personal  representative  of  the  deceased  employee  burial  expenses 
not  to  exceed_$100,  in  the  discretion  of  the  commission.  In  the  case  of  an  employee 
whose  home  is  within  the  United  States,  if  his  death  occurs  away  from  his  home 
office  or  outside  of  the  United  States,  and  if  so  desired  by  his  relatives,  the  body  shall, 
in  the  discretion  of  the  commission,  be  embalmed  and  transported  in  a  hermetically 
sealed  casket  to  the  home  of  the  employee.  Such  burial  expenses  shall  not  be  paid 
and  such  transportation  shall  not  be  furnished  where  the  death  takes  place  more 
than  one  year  after  the  ce&sation  of  disability  resulting  from  such  injury,  or,  if  there 
has  been  no  disabiUty  preceding  death,  more  than  one  year  after  the  injury. 

Sec.  12.  That  in  computing  the  monthly  pay  the  usual  practice  of  the  service  in 
which  the  employee  was  employed  shall  be  followed.  Subsistence  and  the  value  of 
quarters  furnished  an  employee  shall  be  included  as  part  of  the  pay,  but  overtime 
pay  shall  not  be  taken  into  account. 

Sec.  13.  That  in  the  determination  of  the  employee's  monthly  wage-earning  ca- 
pacity after  the  beginning  of  partial  disability,  the  value  of  housing,  board,  lodging, 
and  other  advantages  which  are  received  from  his  employer  as  a  part  of  his  remunera- 
tion and  which  can  be  estimated  in  money  shall  be  taken  into  account. 

Sec.  14.  That  in  cases  of  death  or  of  permanent  total  or  permanent  partial  disability, 
if  the  monthly  paj-ment  to  the  beneficiary  is  less  than  $5  a  month,  or  if  the  beneficiary 
is  or  IS  about  to  become  a  nonresident  of  the  United  States,  or  if  the  commission  de- 
termines that  it  is  for  the  best  interests  of  the  beneficiary,  the  liability  of  the  United 
States  for  compensation  to  such  beneficiary  may  be  discharged  by  the  payment  of  a 
lump  sum  equal  to  the  present  value  of  all  future  payments  of  compensation  computed 
at  four  per  centum  true  discount  compounded  annually.  The  probability  of  the 
beneficiary's  death  before  the  expiration  of  the  period  during  which  he  is  entitled 
to  compensation  shall  be  determined  according  to  the  American  Experience  Table 
of  Mortality;  but  in  case  of  compensation  to  the  widow  or  widower  of  the  deceased 
employee,  such  lump  sum  shall  not  exceed  sixty  months'  compensation.  The  proba- 
bility of  the  happening  of  any  other  contingency  affecting  the  amount  or  duration  of 
the  compensation  shall  be  disregarded. 

Sec.  15.  That  every  employee  injured  in  the  performance  of  his  duty,  or  some  one 
on  his  behalf,  shall,  within  forty-eight  hours  after  the  injury,  give  written  notice 
thereof  to  the  immediate  superior  of  the  employee.  Such  notice  shall  be  given  by 
delivering  it  personally  or  by  depositing  it  properly  stamped  and  addressed  in  the 
mail. 

Sec.  Ifi.  That  the  notice  shall  state  the  name  and  address  of  the  employee,  the 
year,  month,  day,  and  hour  when  and  the  partici'lar  locahty  where  the  injury  occurred, 
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and  the  cause  and  nature  of  tlie  injury,  and  shall  be  signed  by  and  contain  the  address 
of  the  person  giving  the  notice. 

Sec.  17.  That  iinloss  notice  is  given  within  the  time  specified  or  unless  the  imme- 
diate superior  has  actual  knowleclge  of  the  injury,  no  compensation  shall  be  allowed, 
but  for  any  reasonable  cause  shown,  the  commission  may  allow  compensation  if  the 
notice  is  filed  within  one  year  after  the  injury. 

8ec.  18.  That  no  compensation  under  this  Act  shall  be  allowed  to  any  person, 
except  as  provided  in  section  thirty-eight,  unless  he  or  some  one  on  his  behalf  shall, 
within  the  time  specified  in  section  twenty,  make  a  written  claim  therefor.  Such 
claim  shall  be  made  by  delivering  it  at  the  office  of  the  commission  or  to  any  commis- 
sioner or  to  any  person  whom  the  commission  may  by  regulation  designate,  or  by 
depositing  it  in  the  mail  properly  stamped  and  addressed  to  the  commission  or  to  acy 
person  whom  the  commission  may  by  regulation  designate. 

Sec.  19.  That  eveiy  claim  shall  be  made  on  forms  to  be  furnished  by  the  commis- 
sion and  shall  contain  all  the  information  required  by  the  commission.  Each  claim 
shall  be  sworn  to  by  tbe  person  entitled  to  compensation  or  by  the  person  acting  on 
his  behalf,  and,  except  in  case  of  death,  shall  be  accompanied  by  a  certificate  of  the 
employee's  physician  stating  the  nature  of  the  injury  and  the  nature  and  probable 
extent  of  the  disajility.  For  any  reasonable  cause  shown  the  commission  may 
waive  the  provisions  of  tliis  section. 

Sec.  20.  That  all  original  claims  for  compensation  for  dlsabiUty  shall  be  made 
within  sixty  days  after  the  injury.  All  original  claims  for  compensation  for  death 
shall  be  made  within  one  year  after  the  death.  For  any  reasonaole  cause  shown  the 
commission  may  allow  original  claims  for  compensation  for  disabihty  to  be  made  at 
any  time  witliin  one  year. 

Sec.  21.  That  after  the  injury  the  employee  shall,  as  frequently  and  at  such  times 
and  places  as  may  be  reasonably  required,  submit  himself  to  examination  by  a  medi- 
cal officer  of  the  United  States  or  by  a  duly  qualified  physician  designated  or  approved 
by  the  commission.  The  employee  may  have  a  duly  cjualified  physician  designated 
and  paid  by  him  present  to  participate  in  such  examination.  For  all  examinations 
after  the  first  the  employee  shall,  in  the  discretion  of  the  commission,  be  paid  his 
reasonable  traveUng  and  other  expenses  and  loss  of  wages  incurred  in  order  to  submit 
to  such  examination.  If  the  employee  refuses  to  su]:)mit  himself  for  or  in  any  way 
obstructs  any  examination,  his  right  to  claim  compensation  under  this  Act  shall  be 
suspended  until  such  refusal  or  obstruction  ceases.  No  compensation  shall  be  paya- 
ble wliile  such  refusal  or  obstniction  continues,  and  the  period  of  such  refusal  or  ob- 
strxiction  shall  be  deducted  from  the  period  for  wlilch  compensation  is  payable  to  him. 

Sec.  22.  That  in  case  of  any  disagreement  between  the  physician  making  an  exam- 
ination on  the  part  of  the  United  States  and  the  employee's  physician  the  commission 
shall  appoint  a  third  physician,  duly  qualified,  who  shall  make  an  examination. 

Sec.  23.  That  fees  for  examinations  made  on  the  part  of  the  United  States  under 
sections  twenty-one  and  twenty-two  by  jDhysicians  who  are  not  already  in  the  service 
of  the  United  States  shall  be  fixed  by  the  commission.  Such  fees,  and  any  sum 
payable  to  the  employee  under  section  twenty-one,  shall  be  paid  out  of  the  apjjro- 
priation  for  the  work  of  the  commission. 

Sec.  24.  That  immediately  after  an  injury  to  an  employee  resulting  in  his  death  or 
in  his  probalde  disability,  his  immediate  superior  shall  make  a  report  to  the  commis- 
sion containing  such  information  as  the  commission  may  require,  and  shall  thereafter 
make  such  supplementary  reports  as  the  commission  may  recjuire. 

Sec.  25.  That  any  assignment  of  a  claim  for  compensation  under  this  Act  shall  lie 
void  and  all  compensation  and  claims  therefor  shall  be  exemjjt  from  all  claims  of 
creditors. 

Sec.  26.  If  an  injury  or  death  for  which  compensation  is  payalde  under  this  Act  is 
caused  under  circumstances  creating  a  legal  liability  ujion  some  person  other  than  the 
United  States  to  pay  damages  therefor,  the  'commission  may  re^iuire  the  beneficiary 
to  assign  to  the  United  States  any  right  of  action  he  may  have  to  enforce  such  liability 
of  such  other  person  or  any  right  which  he  may  have  to  share  in  any  money  or  other 
property  received  in  satisfaction  of  such  lia1)ility  of  such  other  person,  or  the  commis- 
sion may  require  said  l)eneficiary  to  ])rosecute  said  action  in  his  own  name. 

If  the  beneficiary  shall  refuse  to  make  such  assignment  or  to  prosecute  said  action 
in  his  own  name  when  required  by  the  commission,  he  shall  not  be  entitled  to  any 
compensation  under  this  Act. 

The  cause  of  action  when  assigned  to  the  United  States  may  be  prosecuted  or  com- 
promised by  the  commission,  and  if  the  commission  realizes  upoiisuch  cause  of  action, 
it  shallapply  the  money  or  other  property  so  received  in  the  following  manner:  After 
deducting  the  amount  of  any  compensation  already  ])aid  to  the  beneficiary  and  the 
expenses  of  such  realization  or  collection,  which  sum  shall  be  placed  to  the  credit  of 
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the  employees'  compensation  fund,  the  surjihis,  if  any,  shall  l^e  paid  to  the  l.'ene- 
liciary  and  credited  upon  any  future  payments  of  compensation  payable  to  him  on 
account  of  the  same  injury.  .       .  ,      ,,  . 

^Ec.  27.  That  if  an  injuryor  death  for  which  compensation  is  payal)le  under  tins 
Act  is  caused  under  circumstances  creating  a  legal  lial)ility  in  some  person  other  than 
the  United  States  to  pay  damages  therefor,  and  a  benehciary  entitled  to  compensa- 
tion from  the  United  States  for  such  injury  or  death  receives,  as  a  result  of  a  suit 
brought  by  him  or  on  his  behalf,  or  as  a  result  of  a  settlement  made  by  him  or  on  his 
behalf,  any  money  or  other  property  in  satisfaction  of  the  liability  of  such  other  per- 
son, such  beneticiary  shall,  after  deducting  the  costs  of  suit  and  a  reasonaljle  attorney's 
fee,'  apply  the  money  or  other  property  so  received  in  the  following  manner: 

(A)  If  his  compensation  has  been  paid  in  whole  or  in  part,  he  shall'  refund  to  the 
United  States  the  amount  of  compensation  which  has  been  paid  by  the  United  States 
and  credit  any  surplus  upon  future  payments  of  compensation  payal)le  to  him  on 
account  of  the  same  injury,  Any  amount  so  refunded  to  the  United  States  shall  be 
placed  to  the  credit  of  the  employees' compensation  fund. 

(B)  If  no  compensation  has  been  paid  to  him  by  the  United  States,  he  shall  credit 
the  money  or  other  property  so  received  upon  any  compensation  payable  to  him  by 
the  United  States  on  account  of  the  same  injury.  ,      tt  •     i  c    ^ 

Sec.  28.  That  a  commission  is  hereby  created,  to  be  known  as  the  Umted  States 
Employees'  Compensation  Commission,  and  to  be  composed  of  three  comnussioners 
appointed  by  the  President,  by  and  with  the  advice  and  consent  of  the  Senate,  one 
of  whom  shall  be  designated  by  the  President  as  chairman.  No  commissioner  shall 
hold  any  other  office  or  position  under  the  United  States.  No  more  than  two  of  said 
commissioners  shall  be  members  of  the  same  political  party.  One  of  said  comnus- 
sioners shall  be  appointed  for  a  term  of  two  years,  one  for  a  term  of  four  years,  and 
one  for  a  term  of  six  years,  and  at  the  expiration  of  each  of  said  terms,  the  commissioner 
then  appointed  shall  be  appointed  for  a  period  of  six  years.  Each  commissioner  shall 
receive  a  salary  of  $4,000  a  year.  The  principal  office  of  said  commission  shall  he  m 
Washington,  District  of  Columbia,  but  the  said  commission  is  authorized  to  perform 
its  work  at  any  place  deemed  necessary  by  said  commission,  subject  to  the  restrictions 
and  limitations  of  this  Act.  _    .  .^     a.-       ^    ..i.     i,     j 

Sec.  28a.  Upon  the  organization  of  said  commission  and  notihcation  to  the  heads 
of  all  executive  departments  that  the  commission  is  ready  to  take  up  the  work  devolved 
upon  it  by  this  Act,  all  commissions  and  independent  bureaus,  by  or  m  which  pay- 
ments for  compensation  are  now  provided,  together  with  the  adjustment  and  settle- 
ment of  such  claims,  shall  cease  and  determine,  and  such  executive  departments, 
commissions,  and  independent  bureaus  shall  transfer  all  pending  claims  to  said  com- 
mission to  be  administered  by  it.  The  said  commission  may  obtain,  in  all  cases,  in 
addition  to  the  reports  provided  in  section  twenty-four,  such  information  and  such 
reports  from  employees  of  the  departments  as  may  be  agreed  upon  bj  the  commission 
and  the  heads  of  the  respective  departments.  All  clerks  and  employees  now  exclu- 
sively engaged  in  carrving  on  said  work  in  the  various  executive  departments,  com- 
missions, and  independent  bureaus,  shall  be  transferred  to,  and  become  employees  of, 
the  commission  at  their  present  grades  and  salaries. 

Sec.  29.  That  the  commission,  or  any  commissioner  by  authority  of  the  commission, 
shall  have  power  to  issue  sulipoenas  for  and  compel  the  attendance  of  mtnesses  within 
a  radius  of  one  hundred  miles,  to  require  the  production  of  books,  papers,  documents, 
and  other  evidence,  to  administer  oaths,  and  to  examine  witnesses,  upon  any  matter 
within  the  jurisdiction  of  the  commission. 

Sec  30.  That  the  commission  shall  have  such  assistants,  clerks,  and  other  employ- 
ees as  may  1)0  from  time  to  time  provided  by  Congress.  They  shall  be  appointed  from 
lists  of  eligil)les  to  be  supplied  by  the  Civil  Service  Commission,  and  m  accordance 
with  the  civil-service  law.  .  ^i,    m 

Sec.  31.  That  the  commission  shall  submit  annually  to  the  Secretary  ot  the  treas- 
ury estimates  of  the  appropriations  necessary  for  the  work  of  the  commission. 

Sec.  32.  That  the  commission  is  authorized  to  make  necessary  rules  and  regulations 
for  the  enforcement  of  this  Act,  and  shall  decide  all  questions  arising  under  this  Act. 

Sec.  33.  That  the  commission  shall  make  to  CongTess  at  the  beginning  of  each  reg- 
ular session  a  report  of  its  work  for  the  preceding  fiscal  year,  including  a  detailed 
statement  of  appropriations  and  expenditures,  a  detailed  statement  showing  receipts 
of  and  expencUtures  from  the  employees'  compensation  fund,  and  its  recommendations 
for  legislation.  .    ,       .  i        ,     i        i 

Sec.  34.  That  for  the  fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  sev- 
enteen, there  is  hereby  authorized  to  be  appropriated,  from  any  money  m  the  Treas- 
ury not  otherwise  appropriated,  the  sum  of  $50,000  for  the  work  of  the  commission, 
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including  salaries  of  the  commissioners  and  of  such  assistants,  clerks,  and  other  em- 
ployees as  the  commission  may  deem  necessary,  and  for  traveling  expenses,  expenses 
of  medical  examinations  under  sections  twenty-one  and  twent\-t\vo,  reasonable  trav- 
eling and  other  expenses  and  loss  of  wages  payable  to  employees  under  section  twenty- 
one,  rent  and  equipment  of  ofiices,  purchase  of  books,  stationery,  and  other  supplies, 
printing  and  l)inding  to  be  done  at  the  Government  Printing  Office,  and  other  necessary- 
expenses. 

Sec.  35.  That  there  is  hereby  authorized  to  be  appropriated,  from  any  money  m 
the  Treasuiy  not  othermse  appropriated,  the  sum  of  $500,000,  to  be  set  aside  as  a 
separate  fund  in  the  Treasuiy,  to  be  known  as  the  employees'  compensation  fund. 
To  this  fund  there  shall  be  added  such  sums  as  Congress  may  from  time  to  time  appro- 
priate for  the  purpose.  Such  fund,  including  all  additions  that  may  be  made  to  it, 
is  hereby  authorized  to  l)e  permanently  appropriated  for  the  payment  of  the  com- 
pensation provided  ))>  this  Act,  including  the  medical,  surgical,  and  hospital  services 
and  supplies  provided  l)y  section  nine,  and  the  transportation  and  burial  expenses 
provided  by  sections  nine  and  eleven.  The  commission  shall  submit  annually  to 
the  Secretary  of  the  Treasury  estimates  of  the  appropriations  necessaiy  for  the  main- 
tenance of  the  fund. 

Sec  36.  The  commission,  upon  consideration  of  the  claim  presented  by  the  bene- 
ficiary, and-  the  report  furnished  by  the  immediate  superior  and  the  completion  of 
such  investigation  as  it  may  deem  necessaiy%  shall  determine  and  make  a  finding  of 
facts  thereon  and  make  an  award  for  or  against  payment  of  the  compensation  provided 
for  in  this  Act.  Compensation  when  awarded  shall  be  paid  from  the  employees' 
compensation  fund. 

Sec.  37.  That  if  the  original  claim  for  compensation  has  been  made  within  the  time 
specified  in  section  twenty,  the  commission  may,  at  any  time,  on  its  own  motion  or 
on  application,  review  thie  award,  and,  in  accordance  with  the  facts  found  on  such 
review,  may  end,  diminish,  or  increase  the  compensation  pre^iously  awarded,  or,  if 
compensation  has  been  refused  or  discontinued,  award  compensation. 

Sec.  38.  That  if  any  compensation  is  paid  under  a  mistake  of  law  or  of  fact,  the  com- 
mission shall  immediately  cancel  any  award  under  which  such  compensation  has  been 
paid  and  shall  recover,  as  far  as  practicable,  any  amount  which  has  been  so  paid.  Any 
amount  so  recovered  shall  be  placed  to  the  credit  of  the  employees'  compensation 
fund.  . 

Sec  39.  That  whoever  makes,  in  any  affida^at  required  under  section  four  or  in 
any  claim  for  compensation,  any  statement,  knowing  it  to  be  false,  shall  be  guilty  of 
perjury  and  shall  be  punished  by  a  fine  of  not  more  than  $2,000,  or  by  imprisonment 
for  not  more  than  one  year,  or  by  both  such  fine  and  imprisonment. 
Sec  40.  That  wherever  used  in  this  Act — 

The  singular  includes  the  plural  and  the  masculine  includes  the  feminine.  . 
The  term  "employee"  includes  all  ciyH  employees  of  the  United  States  and  of  the 
Panama  Railroad  Company. 

The  term  "commission"  shall  be  taken  to  refer  to  the  United  States  Employees 
Compensation  Commission  provided  for  in  section  twenty-eight. 
The  term  "physician"  includes  surgeons. 

The  term  "monthly  pay  "  shall  be  taken  to  refer  to  the  monthly  pay  at  the  time  of 
the  injury. 

Sec  41.  That  all  Acts  or  parts  of  Acts  inconsistent  with  this  Act  are  hereby  repealed : 
Provided,  however.  That  for  injuries  occurring  prior  to  the  passage  of  this  Act  compensa- 
tion shall  be  paid  under  the  law  in  force  at  the  time  of  the  pas,sage  of  this  Act:  And 
provided  further.  That  if  an  injury  or  death  for  which  com]>onsation  is  payable  under 
this  Act  is  caused  under  circumstances  creating  a  legal  liability  in  the  Panama  Rail- 
road Companv  to  pay  damages  therefor  under  the  laws  of  any  State,  Territory,  or 
possession  of  the  United  States  or  of  the  District  of  Columbiaor  of  any  foreign  country, 
no  compensation  shall  be  payable  until  the  person  entitled  to  compensation  releases 
to  the  Panama  Railroad  Company  any  right  of  action  which  he  may  have  to  enforce 
such  liability  of  the  Panama  Railroad  Company,  or  until  he  assigns  to  the  United 
States  any  right  which  he  may  have  to  share  m  any  money  or  other  property  received 
in  satisfaction  of  such  liability  of  the  Panama  Railroad  Company. 

Sec  42.  That  the  President  may,  from  time  to  time,  transfer  the  administration  of 
this  Act  so  far  as  employees  of  the  Panama  (\inal  and  of  the  Panama  Railroad  Company 
are  concerned  to  the  governor  of  the  Panama  Canal,  and  so  far  as  employees  of  the 
Alaskan  Engineering  Commission  are  concerned  to  the  chairman  of  that  commission, 
in  which  cases  the  words  "commission"  and  "its"  wherever  they  appear  in  this  Act 
shall,  so  far  as  necessary  to  give  effect  to  such  transfer,  be  read  "governor  of  the  Panama 
Canal"  or  "chairman "of  the  Alaskan  Engineering  Commis,sion,"  as  the  case  may  be, 
and  "his";  and  the  expenses  of  medical  examinations  under  sections  twenty-one  and 
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tweut}^-two,  and  the  reasonable  traveling  and  olher  expenses  and  loss  of  wages  payable 
to  employees  under  section  twenty-one,  shall  be  paid  out  of  ap])ropriationa  for  the 
Panama  Oaual  or  for  the  Alaskan  Eiigiueeriug  Commission  or  out  of  funds  of  the  Panama 
Railroad,  iis  the  case  may  be,  instead  of  out  of  the  appropriation  for  the  work  of  the 
commission.  r^      ,         ^   i     t. 

In  the  case  of  compensation  to  employees  of  the  Panama  Canal  or  of  the  Panama 
Railroad  Company  for  temporary  disability,  either  total  or  partial,  the  President  may 
authorize  the  governor  of  the  Panama  Canal  to  waive,  at  his  discretion,  the  making  of 
the  claim  required  by  section  eighteen.  In  the  case  of  alien  employees  of  the  Panama 
Canal  or  of  the  Panama  Riiilroad  Company,  or  of  any  class  or  classes  of  them,  the 
President  may  remove  or  modify  the  minimum  limit  established  by  section  six  on  the 
monthly  compensation  for  disability  and  the  minimum  limit  established  by  clause 
(K)  of  section  ten  on  the  monthly  pay  on  which  death  compensation  is  to  be  com- 
puted. The  President  may  authorize  the  governor  of  the  Panama  Canal  and  the  cliair- 
man  of  the  Alaskan  Engineering  Commission  to  pay  the  compensation  provided  by 
this  Act,  including  the  medical,  surgical,  and  hospital  services  and  supplies  provided 
by  section  nine  and  the  transportation  and  burial  expenses  provided  by  sections  nine 
and  eleven,  out  of  the  appropriations  for  the  Panama  Canal  and  for  the  Alaskan  Engi- 
neering Commission,  such  appropriations  to  be  reimbursed  for  such  payments  by  the 
transfer  of  funds  from  the  employees'  compensation  fund. 

Approved,  September  7,  1916. 

AN  ACT  To  establish  a  United  States  Shipping  Board  for  the  purpose  of  encourafrinfr,  developing,  and 
creating  a  naval  auxiliary  and  naval  reserve  and  a  merchant  marine  to  meet  the  requirements  of  the 
commerce  of  the  United  States  with  its  Territories  and  possessions  and  with  foreign  countries:  toregulate 
carriers  by  water  engaged  in  the  foreign  and  interstate  commerce  of  the  United  States;  and  for  other 
purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled, 

*****  *  * 

Sec.  5.  That  the  board,  with  the  approval  of  the  President,  is  authorized  to  have 
constructed  and  equipped  in  American  shipyards  and  navy  yards  or  elsewhere, 
giving  preference,  other  things  being  equal,  to  domestic  yards,  or  to  purchase,  lease, 
or  charter,  vessels  suitable,  as  far  as  the  commercial  requirements  of  the  marine  trade 
of  the  United  States  may  permit,  for  use  as  naval  auxiliaries  or  Army  transports,  or 
for  other  naval  or  military  pm-poses,  and  to  make  necessary  repairs  on  and  alterations 
of  such  vessels:  Provided,  That  neither  the  board  nor  any  corporation  formed  under 
section  eleven  in  which  the  United  States  is  then  a  stockholder  shall  purchase,  lease, 
or  charter  any  vessel — 

(a)  Which  is  then  engaged  in  the  foreign  or  domestic  commerce  of  the  United  States, 
unless  it  is  about  to  be  withdrawn  from  such  commerce  without  any  intention  on  the 
part  of  the  owner  to  return  it  thereto  within  a  reasonable  time; 

(b)  Which  is  under  the  registry  or  flag  of  a  foreign  country  which  is  then  engaged 
in  war; 

(c)  "^Tiich  is  not  adapted,  or  can  not  by  reasonable  alterations  and  repairs  be  adapted, 
to  the  purposes  specified  in  this  section; 

(d)  Which,  upon  expert  examination  made  under  the  direction  of  the  board,  a 
written  report  of  such  examination  being  filed  as  a  public  record,  is  not  without 
alteration  or  repair  found  to  be  at  least  seventy-five  per  centum  as  efficient  as  at  the 
time  it  was  originally  put  in  commission  as  a  seaworthy  vessel. 

Sec.  6.  That  the  President  may  transfer  either  permanently  or  for  limited  periods 
to  the  board  such  vessels  belonging  to  the  War  or  Navy  Department  as  are  suitable  for 
commercial  uses  and  not  required  for  military  or  naval  use  in  time  of  peace,  and  cause 
to  be  transferred  to  the  board  vessels  owned  by  the  Panama  Railroad  Company  and 
not  required  in  its  business. 

Sec.  7.  That  the  board,  upon  terms  and  conditions  prescribed  by  it  and  approved 
by  the  President,  may  charter,  lease,  or  sell  to  any  person,  a  citizen  of  the  United 
States,  any  vessel  so  purchased,  constructed,  or  transferred. 

******* 

Sec  9.  That  any  vessel  purchased,  chartered,  or  leased  from  the  board  may  be 
registered  or  eiu-olled  and  licensed,  or  both  registered  and  enrolled  and  licensed,  as  a 
vessel  of  the  United  States  and  entitled  to  the  benefits  and  privileges  appertaining 
thereto:  Pronded,  That  foreign-built  ve&sels  admitted  to  American  registry  or  enroll- 
ment and  license  under  this  Act,  and  vessels  owned,  chartered,  or  leased  by  any 
corporation  in  which  the  United  States  is  a  stockholder,  and  vessels  sold,  leased,  or 
chartered  to  any  person  a  citizen  of  the  United  States,  as  provided  in  this  Act,  may 
engage  in  the  coastwise  ti-ade  of  the  United  States. 
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Every  vessel  purcliased,  chartered,  or  leased  from  the  board  shall,  unless  otherwise 
authorized  by  the  board,  be  operated  only  under  such  registry  or  enrollment  and 
license.  Siicn  vessels  while  employed  solely  as  merchant  vessels  shall  be  subject  to 
all  laws,  regulations,  and  liabilities  governing  merchant  vessels,  whether  the  United 
States  be  interested  therein  as  owner,  in  whole  or  in  part,  or  hold  any  mortgage,  lien, 
or  other  interest  therein.  No  such  vessel,  without  the  approval  of  the  board,  shall 
be  transferred  to  a  foreign  registry  or  flag,  or  sold ;  nor,  except  under  regulations  pre- 
scribed by  the  board,  be  chartered  or  leased. 

When  the  United  States  is  at  war,  or  during  any  national  emergency  the  existence 
of  which  is  declared  l>y  proclamation  of  the  President,  no  vessel  registered  or  enrolled 
and  licensed  under  the  laws  of  the  United  States  shall,  without  the  approval  of  the 
board,  be  sold,  leased,  or  chartered  to  any  person  not  a  citizen  of  the  United  States, 
or  transferred  to  a  foreign  registry  or  flag.  No  vessel  registered  or  enrolled  and  licensed 
under  the  laws  of  the  United  States,  or  owned  by  any  person  a  citizen  of  the  United 
States,  except  one  which  the  board  is  prohibited  from  purchasing,  shall  be  sold  to  any 
person  not  a  citizen  of  the  United  States  or  transferred  to  a  foreign  registry  or  flag, 
unless  such  vessel  is  first  tendered  to  the  board  at  the  price  in  good  faith  offered  by 
others,  or,  if  no  such  offer,  at  a  fair  price  to  be  determined  in  the  manner  provided  in 
eection  ten. 

Any  vessel  sold,  chartered,  leased,  transferred,  or  operated  in  violation  of  this  sec- 
tion shall  be  forfeited  to  the  United  States,  and  whoever  -sdolates  any  provision  of  this 
section  shall  be  guilty  of  a  misdemeanor  and  subject  to  a  fine  of  not  more  than  $5,000 
or  to  imprisonment  of  not  more  than  five  years,  or  both  such  fine  and  imprisonment. 

Sec.  10.  That  the  President,  upon  giving  to  the  person  interested  such  reasonable 
notice  in  writing  as  in  liis  judgment  the  circumstances  permit,  may  take  possession, 
absolutely  or  temporarily,  for  any  naval  or  military  purpose,  of  any  vessel  purchased, 
leased,  or  chartered  from  the  board:  Provided,  That  if,  in  the  judgment  of  the  Presi- 
dent, an  emergency  exists  requiring  such  action  he  may  take  possession  of  any  such 
vessel  without  notice. 

Tliereafter,  upon  ascertainment  by  agreement  or  otherwise,  the  United  States  shall 
pay  the  person  interested  the  fair  actual  value  based  upon  normal  conditions  at  the 
time  of  taking  of  the  interest  of  such  person  in  every  vessel  taken  absolutely,  or  if 
taken  for  a  limited  period,  the  fair  charter  A^alue  under  normal  conditions  for  sirch 
period.  In  case  of  disagreement  as  to  such  fair  value  it  shall  be  determined  by 
appraisers,  one  to  be  appointed  by  the  board,  one  by  the  person  interested,  and  a 
third  by  the  two  so  appointed.  The  finding  of  such  appraisers  shall  be  final  and 
binding  upon  both  parties. 

Sec. 11.  That  the  board,  if  in  its  judgment  such  action  is  necessary  to  carry  out  the 
purposes  of  this  Act,  may  form  under  the  laws  of  the  District  of  Columbia  one  or  more 
corporations  for  the  purchase,  construction,  equipment,  lease,  charter,  maintenance, 
and  operation  of  merchant  vessels  in  the  commerce  of  the  United  States.  The  total 
capital  stock  thereof  shall  not  exceed  $50,000,000.  The  board  may,  for  and  on  behalf 
of  the  United  States,  subscribe  to_,  piu:chase,  and  vote  not  less  than  a  majority  of  the 
capital  stock  of  any  such  corporation,  and  do  all  other  things  in  regard  thereto  neces- 
sary to  protect  the  interests  of  the  United  States  and  to  carry  out  the  purposes  of  this 
Act.  The  board,  with  the  approval  of  the  President,  may  sell  any  or  all  of  the  stock 
of  the  United  States  in  such  corporation,  but  at  "no  time  shall  it  be  a  minority  stock- 
holder therein:  Provldrd,  That  no  corporation  in  wliich  the  United  States  is  a  stock- 
holder, formed  under  the  authority  of  this  section,  shall  engage  in  the  operation  of  any 
vessel  constructed,  purchased,  leased,  chartered,  or  transferred  under  the  authority 
of  this  Act  unless  the  board  shall  be  unable,  after  a  bona  fide  effort,  to  contract  with 
any  person  a  citizen  of  the  United  States  for  the  purchase,  lease,  or  charter  of  such 
vessel  und^r  siich  terms  and  conditions  as  may  be  prescribed  by  the  board. 

The  board  shall  give  public  notice  of  the  fact  that  vessels  are  offered  and  the  terms 
and  conditions  upon  wliich  a  contract  will  be  made,  and  shall  in-\dte  competitive 
offerings.  In  the  event  the  board  shall,  after  full  compliance  with  the  terms  of  this 
proviso,  determine  that  it  is  unable  to  enter  into  a  contract  with  such  private  parties 
for  the  purchase,  lease,  or  charter  of  such  vessel,  it  shall  make  a  full  report  to  the 
President,  who  shall  examine  such  report,  and  if  he  shall  approve  the  same  he  shall 
make  an  order  declaring  that  the  conditions  have  been  found  to  exist  which  justify 
the  operation  of  such  vessel  by  a  corporation  formed  under  the  provisions  of  this 
section. 

At  the  expiration  of  five  years  from  the  conclusion  of  the  present  European  war 
the  operation  of  vessels  on  the  pai't  of  any  such  corporation  in  which  the  United 
States  is  then  a  stockholder  shall  cease  and  the  said  corj>oration  stand  dissolved. 
The  date  of  the  conclusion  of  the  war  shall  be  declared  by  proclamation  of  the  Presi- 
dent.   The  vessels  and  other  property  of  any  such  corporation  shall  revert  to  the 
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board.  The  board  may  soil,  lease,  or  charter  such  vessels  aa  provided  in  section 
seven  and  shall  dispot^e  of  the  pro})(-rty  other  than  vessels  on  the  best  available  terms 
and,  after  ])ayment  of  all  debts  and  obligations,  dejvosit  tlie  proceeds  thereof  in  the 
Treasury  to  its  credit.  All  stock  in  such  cor])oratioiis  owned  by  others  than  the 
United  "iStates  at  the  time  of  dissolution  shall  be  taken  over  by  the  board  at  a  fair 
ancl  reasoiial)lG  value  and  paid  for  with  funds  to  the  credit  of  the  board.  In  case  of 
disagreement,  such  value  shall  be  determined  in  the  manner  provided  in  section  ten. 
******* 
Sec.  13.  That  for  the  jnirpose  of  carryin,?  out  the  provisions  of  sections  fn-e  and 
eleven  no  liability  shall  be  incurred  exceeding;  a  total  of  $.30,000,000  and  the  Secre- 
tary of  the  Trea:uiry,  upon  the  recjuest  of  the  board,  a])]iroved  by  the  President,  shall 
from  time  to  time^issue  and  sell  or  use  any  of  the  bonds  of  the  United  States  now 
available  in  the  Treasury  under  the  Acts  of  August  filth,  nineteen  hundred  and  nine, 
Fel)  -        ■  -        .     .        .  ,  ,,      ,  ,..,,, 

and 

to .     ,       ,  -  ^    . 

sold  or  used  under  the  provisions  of  this  section  may  be  made  payable  at  such  time 
within  iifty  years  after  issue  as  the  Secretary  of  the  Treasury  may  fix,  instead  of  fifty 
years  after  the  date  of  issue,  as  prescribed  in  the  Act  of  August  fifth,  nineteen  hundred 
and  nine. 

Tho  ]n-oceeds  of  such  bonds  and  the  net  proceeds  of  all  sales,  charters,  and  leases 
of  vessels  and  of  sales  of  stock  made  by  the  board,  and  all  other  moneys  received  by 
it  from  any  source,  shall  be  covered  into  the  Treasury  to  the  credit  of  the  board,  and 
are  hereby  permanently  appropriated  for  the  piurpose  of  canying  out  the  provisioua 
of  sections  five  and  eleven. 

******* 

Approved,  September  7,  191G. 


AN  ACT  Mating  approDriations  to  supply  deficiencies  in  appropriations  for  the  fiscal  year  ending  June 
thirtieth,  nineteen  hundred  and  sixteen,  and  prior  fiscal  years,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  following  sums  are  appropriated,  out  of  any  money  in 
the  Treasury  not  otherwise  appropriated,  to  supply  deficiencies  in  appropriations  for 
the  fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  sixteen,  and  prior  fiscal 
yeai's,  and  for  other  purposes,  namely: 

******* 

Department  op  State. 

««***** 
Relief  and  protection  of  American  seamen:  For  relief  and  protection  of  American 
seamen  in  foreign  countries,  and  shipwrecked  American  seamen  in  the  Territory  of 
Alaska,  in  the  Hawaiian  Islands,  Porto  Rico,  the  Panama  Canal  Zone,  and  the  Philip- 
pine Islands,  115,000. 

******* 

Panama  Canal. 

The  authorized  cost  of  construction,  by  contract  or  in  navy  yards,  complete  in  every 
detail,  including  self-discharging  equipment  and  all  other  necessary  apparatus,  of  two 
colliers  for  the  Panama  Canal  provided  for  in  the  sundry  civil  appropriation  Act  for 
the  fiscal  year  nineteen  hundred  and  seventeen,  is  increased  from  11,300,000  each  to 
§1,500,000  each. 

fortifications. 

Ordnance  depot: 

For  three  storehouses,  $90,000; 

For  two  magazine  buildings,  $20,000; 

For  one  magazine  building,  $G,000; 

For  one  shop  building,  $17,000; 

For  one  office  building,  $4,000; 

For  one  barrack,  $17,350; 

For  one  set  of  field  officers'  quarters,  $16,800; 

For  one  set  of  captains'  quarters,  $15,7.50; 

For  one  set  of  double  noncommissioned  officers'  quarters,  $12,600; 
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For  seven  sets  of  family  quarters  for  persounel  of  Ordnance  depot,  $18,200; 
For  one  stable,  with  carriage  house,  $5,000; 

For  three  sets  of  family  quai'tera  for  Ordnance  machinists,  one  each  at  Forts  Ran- 
dolph, Sherman,  and  Grant,  $7,800; 
For  one  dock,  $160,000; 
For  necessary  dredging,  $100,000; 
For  necessary  railroad  tracks  and  connections,  $17,500; 
For  roads,  walks,  sewers,  water,  light,  and  power,  $25,000; 
In  all,  $533,000,  to  continue  available  until  expended. 

******* 

United  States  Employees'  Compensation  Commission. 

For  expenses  under  an  Act  entitled  "  An  Act  to  provide  compensation  for  employees 
of  the  United  States  suffering  injuries  while  in  the  performance  of  their  duties,  and  for 
other  purposes,"  approved  September  seven,  nineteen  hundred  and  sixteen,  namely: 

Miscellaneous  expenses:  For  salaries  of  the  commissioners,  and  for  such  assist- 
ants, clerks,  and  other  employees,  as  the  Commission  may  deem  necessary,  and  for 
traveling  expenses,  expenses  of  medical  examinations,  and  for  reasonable  traveling 
and  other  expenses  and  loss  of  wages  payable  to  employees  under  section  twenty-one, 
for  rent  in  the  District  of  Columbia  and  equipment  of  offices,  purchase  of  books, 
stationery,  and  other  supplies,  printing  and  binding  to  be  done  at  the  Government 
Printing  Office,  and  other  necessary  expenses,  for  the  fiscal  year  nineteen  hundred  and 
seventeen,  $50,000.  Estimates  in  detail  shall  hereafter  be  annually  submitted 
hereunder. 

Employees'  compensation  fund:  For  the  payment  of  compensation  provided  by 
said  Act,  including  medical,  sm-glcal,  and  hospital  services,  and  supplies  provided  by 
section  nine,  and  the  transportation  and  burial  expenses  provided  by  sections  nine 
and  eleven,  for  the  fiscal  year  nineteen  hundred  and  seventeen,  $500,000. 

******* 

Approved,  September  8,  1916. 


Executive  Order. 

By  direction  of  the  President,  it  is  ordered: 

1.  That  the  Joint  Commission  for  the  appraisement  and  settlement  of  damages  to 
property  in  the  Canal  Zone,  established  in  accordance  with  the  provisions  of  the 
Canal  Convention  between  the  United  States  and  Panama,  concluded  November  18, 
1903,  is  hereby  authorized,  with  the  approval  of  the  Secretary  of  State  of  the  United 
States  and  the  Panaman  Executive,  to  take  a  recess  of  not  exceeding  sixty  days  in 
each  fiscal  year,  and  the  members  thereof,  or  any  of  them,  may  be  granted  a  leave  of 
absence  during  the  recess  of  the  Commission,  by  theii'  respective  Governments. 

2.  That  payment  for  any  absence  of  a  member  of  the  Commission,  due  to  illness  or 
injury,  shall  be  made  upon  the  certificate  of  a  physician  in  the  employ  of  The  Panama 
Canal  that  such  absence  is  due  to  illness  or  injury. 

3.  That  payment  for  leave  of  absence  granted  under  the  provisions  of  this  order 
during  the  recess  of  the  Commission  shall  be  made  at  the  rate  of  Fifteen  Dollars  (^$15.00) 
per  day. 

4.  That  payment  for  absence,  whether  granted  as  leave  in  conformity  with  the 
provisions  of  this  order,  or  whether  due  to  illness  or  injury,  shall  not  be  made  for 
more  than  sixty  days  in  one  fiscal  yeai". 

6.  That  no  payment  shall  be  made  for  any  days  during  which  the  members  of  the 
Commission  may  be  absent  from  duty  except  as  authorized  by  this  order,  and  except 
to  the  American  Commissioners  for  the  time  required  for  them  to  retm-n  to  New  York 
upon  the  termination  of  then-  8er^•ices. 

LiNDLEY  M.  Garrison, 

Secretary  of  War. 
War  Department,  October  16,  1915. 


Executive  Order. 

By  direction  of  the  President,  it  is  ordered: 

That  Clement  L.  Bouve,  who  has  been  appointed  a  member  of  the  Joint  Commission 
for  the  appraisement  and  settlement  of  damages  to  property  in  the  Canal  Zone,  in 
accordance  with  the  provisions  of  Article  Six  and  Fifteen  of  the  Convention  between 
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the  United  States  and  Panama,  concluded  November  18, 1903,  be  allowed  Twenty-five 
($25)  dollars  per  day  for  his  services,  including  all  expenses,  from  the  time  of  his  sailing 
from  New  York  until  his  return  thither;  provided  that  he  shall  be  granted  free  trans- 
portation on  the  Panama  Railroad  iStcamship  Line  from  New  York  to  the  Isthmus  and 
retm'n,  free  transportation  OAcr  the  Panama  Railroad,  and  such  other  trans])ortation 
as  may  be  necessary  wlien  traveling  on  oflicial  business  on  the  Isthmus;  he  sliall  also 
be  allowed  the  ordinary  privileges  of  GoA'ernmeut  employees  on  the  Isthmus,  in- 
cluding employees'  rates  at  the  hotels  of  The  Panama  Canal  or  the  Panama  Railroad 
Company  on  the  Isthmus. 

Newton  D.  Baker, 

Secretary  of  War. 
War  Department,  Washington,  D.  C,  March  25, 1916. 


Executive  Order. 

By  direction  of  the  President  it  is  ordered  that  Sefior  Don  Victor  Maria  Concaa  Palau, 
Vice  Admiral  of  the  Spanish  Navy,  who  has  been  appointed  Umpire  in  vu-tue  of  the 
provisions  of  articles  VI  and  XV  of  the  Treaty  of  November  18,  1903,  between  the 
United  States  and  the  Republic  of  Panama  in  the  settlement  of  certain  claims  which 
have  come  before  the  Joint  Commission  provided  for  in  those  articles,  and  in  which 
the  Commission  has  failed  to  render  a  decision  owing  to  disagreement,  be  allowed 
Ten  Thousand  Dollars  ($10,000.00)  per  annum  for  hia  services  including  all  expenses 
from  the  time  of  his  sailing  from  Spain  to  his  return  thither,  provided  that  he  shall  be 
reimbm^ed  for  his  steamship  transportation  from  Spain  to  the  Isthmus  and  return 
except  that  should  he  elect  not  to  return  to  Spain  by  the  most  direct  route  he  shall 
be  paid  his  salary  for  a  period  equal  to  that  for  which  he  would  have  been  paid  had  he 
returned  to  Spain  by  direct  route,  and  he  shall  be  paid  a  sum  equal  to  that  wliich  he 
would  have  expended  for  transportation  had  he  returned  to  Spain  by  direct  route; 
he  shall  be  allowed  free  transportation  over  the  Panama  Railroad,  and  such  other 
transportation  as  may  be  necessary  when  traveling  on  official  business  on  the  Isthmus; 
he  shall  also  be  allowed  the  ordinary  privileges  of  government  employees  on  the 
Isthmus  including  employees'  rates  at  the  hotels  of  The  Panama  Canal  or  the  Panama 
Railroad  Company  on  the  Isthmus. 

Newton  D.  Baker, 

Secretary  of  War. 

War  Department,  Washington,  D.  C,  13  May,  1916. 


Executive  Order. 

Under  the  provisions  of  the  Panama  Canal  Act  the  Governor  is  charged  with  the 
protection  of  the  Canal  until  such  time  as  the  President  may  designate  an  officer  of 
the  Army  to  have  entire  control  of  the  Canal  and  the  Canal  Zone  during  time  of  war 
or  threatened  war.  The  military  and  naval  forces  stationed  in  the  Canal  Zone  will 
furnish  such  assistance  to  the  Governor  in  the  performance  of  this  duty  as  the  respec- 
tive commanding  officers  may  be  requested  by  him  to  render. 

WooDROw  Wilson. 

The  White  House,  17  May,  1916. 

[No.  2382.] 


Executive  Order. 

Mr.  Warren  J.  Brown,  Mr.  Henry  C.  Mansfield,  and  Mrs.  Florence  E.  Cleveland  may 
be  appointed  as  clerks  in  the  classified  service  of  the  Government  without  reference 
to  the  civil  service  rules. 

This  order  is  issued  upon  the  recommendation  of  the  Secretary  of  War,  who  submits 
a  detailed  report  from  the  Governor  of  The  Panama  Canal,  giving  special  reasons  as  to 
why  the  same  should  be  issued,  in  view  of  which  it  is  believed  that  the  appointment 
of  these  three  persons  will  be  in  the  interest  of  the  service.  From  the  Governor's 
report  it  appears  that  Messrs.  Brown  and  Mansfield  have  rendered  long  and  very 
satisfactory  service  in  the  employment  of  the  Government  on  the  Isthmus  of  Panama; 
and  that  Mrs.  Cleveland,  whose  husband  was  killed  May  23,  1914,  while  employed  as 
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an  operator  of  one  of  the  towing  locomotives  of  the  Panama  Canal,  has  been  employed 
in  an  excepted  position  in  the  Panama  Canal  service  since  November  16,  1914,  in 
which  position  it  appears  she  has  rendered  very  satisfactory  service. 

The  Civil  Service  Commission  does  not  concur  in  the  recommendation. 

WooDROw  Wilson. 

The  White  House,  30  June,  1910. 

[No.  2410.] 


Executive  Order. 

ESTABLISlTINCr  regulations  providin,!:  conditions  under  which  The  Panama  Canal  and  the  Panama 
Kailroad  Company  employees  on  the  Isthmus  of  I'anama,  maj'  be  allowed  the  use  of  quarters,  fuel  and 

electric  current. 

By  virtue  of  the  authority  vested  in  me,  and  The  Panama  Canal  Act  approved 
August  24,  1912,  it  is  hereby  ordered: 

1.  That  the  Executive  Order  of  January  15,  1915,  No.  2120,  is  hereby  rescinded 
and  abrogated. 

2.  That  effective  July  1,  1916,  officers  and  employees  of  The  Panama  Canal  and  the 
Panama  Railroad  Company  on  the  Isthmus  of  Panama,  shall  be  allowed,  where  avail- 
able, quarters  free  of  rent,  and  shall  be  furnished  fuel  and  electric  current  free. 

3.  That  the  Governor  of  The  Panama  Canal  is  hereby  authorized  to  assign  to  officera 
and  employees  of  The  Panama  Canal  and  of  the  Panama  Railroad  Company,  such 
quarters  as  may  be  available  for  occupancy,  and  to  make  all  rules  and  regulations 
necessary  to  govern  the  assignment  and  occupancy  of  such  quarters,  including  rules 
and  regulations  relative  to  the  furnishing  of  fuel  and  electric  current  to  officera  and 
employees  of  The  Panama  Canal  and  the  Panama  Railroad  Company  while  occupying 
such  quarters. 

4.  That  officers  and  employees  of  The  Panama  Canal  and  the  Panama  Railroad 
Company,  for  whom  quarters  are  not  available  or  who  do  not  occupy  such  quarters  aa 
may  be  assigned  to  them  by  the  Governor  of  The  Panama  Canal,  shall  have  no  claim 
against  the  Government  of  the  United  States  for  commutation  of  quarters  not  furnished 
or  not  occupied,  nor  for  fuel  and  electric  current  not  furnished. 

5.  That  all  rules  and  regulations  governing  the  assignment  and  occupancy  of 
quarters  heretofore  promulgated  by  the  Governor  of  The  Panama  Canal  or  the  Isth- 
mian Canal  Commission,  not  inconsistent  with  the  provisions  of  this  Executive  Order, 
are  continued  in  full  force  and  effect  until  such  time  as  they  may  be  changed  by 
regulations  promulgated  by  the  Governor  of  The  Panama  Canal  under  authority  of 
this  Executive  Order;  and  all  rules  and  regulations  heretofore  promulgated  by  the 
Governor  of  The  Panama  Canal  in  connection  with  the  use  and  occupancy  of  quarters 
and  the  furnishing  of  fuel  and  electric  current  to  officers  and  employees  of  The  Panama 
Canal  and  the  Panama  Railroad  Company,  inconsistent  with  the  provisions  of  this 
Executive  Order,  are  hereby  rescinded  and  abolished. 

WooDROW  Wilson. 
The  White  Uouse,  25  July,  191G. 

[No.  2428.] 


Executive  Order. 

MODIFIC.\TION  of  Executive  Order  No.  2428,  dated  July  25,  1916,  eslablishin.?  regulations  providing 
conditions  under  which  the  Panama  Canal  and  the  Panama  Kailroad  employees  on  the  Isllinuis  of 
Panama  may  be  allowed  the  use  of  quarters,  fuel  and  electric  current. 

By  virtue  of  the  authority  vested  in  me  by  the  Panama  Canal  Act  approved  August 
24,  1912,  it  is  hereby  ordered: 

That  the  provisions  of  Executive  Order  No.  2428,  dated  July  25,  1916,  shall  not 
apply  to  alien  silver  employees.  Such  employees  shall  be  charged  for  quarters,  fuel 
and  electric  current  in  accordance  with  such  rules  and  regulations  heretofore  or  here- 
after promulgated  by  the  Governor  of  the  Panama  Canal. 

WooDRow  Wilson. 

The  White  IIou.se,  10  August,  IDlG. 

[No.  2440.] 
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Executive  Ordek. 
RELATING  to  Motor  Vehicles,  and  Their  Operation  in  the  Roads  of  the  Canal  Zone. 

By  virtue  of  the  authority  vested  in  me  I  hereby  establish  the  following  Executive 
Order  for  the  Canal  Zone: 

Section  1.  There  shall  be  collected  on  motor  vehicles  owned  by  residents  of  the 
Canal  Zone  and  operated  therein,  an  annual  license  fee  as  follows: 

For  each  passenger  automobile  for  personal  use  only,  five  dollai's  ($5.00). 

For  each  automobile  of  twenty-nine  horse-power  or  less,  used  for  carrying  passen- 
gers for  hire,  twenty  dollars  ($20.00). 

For  each  automobile  of  more  than  twenty-nine  horse-power,  used  for  carrying 
passengers  for  hire,  thirty  dollars  ($30.00). 

For  each  truck  or  omnibus  of  one-ton  capacity  or  less,  twenty  dollars  ($20.00). 

For  each  truck  or  omnibus  of  a  capacity  of  more  than  one  ton  but  less  than  three 
tons,  thirty  dollars  ($30.00). 

For  each  truck  or  omnibus  of  a  capacity  of  three  tons  or  more,  forty  dollars  ($40.00). 

For  each  motor-cycle,  two  dollars  ($2.00). 

In  case  of  a  dispute  as  to  the  horse-power  or  capacity  of  a  vehicle,  the  issue  shall 
be  referred  to  the  Board  of  Local  Inspectors,  and  the  decision  of  the  Board  thereon 
shall  be  final. 

License  fees  shall  be  paid  for  the  calendar  year;  but  if  any  part  of  the  calendar 
year  shall  have  expired  when  the  license  is  taken  out,  then  the  license  fee  to  be  paid 
shall  be  proportioned  to  the  part  of  the  calendar  year  remaining,  including  therein 
the  calendar  quarter  in  which  the  license  is  paid;  but  the  Governor  shall  have  au- 
thority to  issue  short-term  licenses  at  rates  proportionate  to  the  rates  in  the  above 
schedule,  in  such  special  cases  as  he  may  deem  proper. 

Licenses  heretofore  issued  shall  continue  in  force,  and  the  licensees  shall  not  be 
required  to  pay  fees  hereunder  until  the  licenses  previously  issued  to  them  shall 
have  expired. 

Section  2.  Motor  v'ehicles  owned  by  residents  of  the  Republic  of  Panama  and 
operated  in  the  Canal  Zone,  shall  pay  the  same  annual  license  fee  as  is  imposed  by 
the  Republic  of  Panama  on  motor  vehicles  owned  by  residents  of  the  Canal  Zone 
and  operated  in  the  Republic  of  Panama;  Provided,  That  the  Governor  of  the  Canal 
Zone  may  enter  into  ai-rangements  with  the  authorities  of  the  Republic  of  Panama 
by  which  any  class  or  classes  of  vehicles  owned  by  residents  of  ^e  Canal  Zone  and 
operated  in  the  Republic  of  Panama  may  be  exempted  from  the  payment  of  license 
fees  in  the  Republic  of  Panama,  or  required  to  pay  fees  at  a  reduced  rate,  and  any 
class  or  classes  of  vehicles  owned  by  residents  of  the  Republic  of  Panama  and  oper- 
ated in  the  Canal  Zone  may  be  exempted  from  the  payment  of  license  fees  in  the 
Canal  Zone,  or  required  to  pay  fees  at  a  reduced  rate. 

Section  3.  The  Governor  of  the  Canal  Zone  is  hereby  authorized  to  exempt  from 
the  payment  of  license  fees  hereunder  motor  vehicles  operated  exclusively  within 
certain  areas  or  districts  of  the  Canal  Zone  to  be  defined  by  him,  and  the  Governor 
is  also  authorized  by  public  notice  to  prohibit  motor  vehicles  of  any  or  all  kinds 
fi'om  operating  on  such  portions  of  the  roads  in  the  Canal  Zone  as  he  may  designate, 
when,  in  his  judgment,  the  public  interest  requires  it;  or  he  may  permit  any  of 
said  vehicles  to  be  operated  in  any  areas  or  districts  designated  by  him,  upon  such 
conditions  as  he  may  deem  necessary  and  convenient  for  ^he  welfare  of  the  Panama 
Canal. 

Section.  4.  The  use  of  flare  lights  on  vehicles,  within  the  limits  of  any  city,  town, 
or  village  in  the  Canal  Zone  is  hereby  prohibited;  and  on  roads  outside  of  any  city, 
town,  or  village  limits,  the  drivers  of  automobiles  and  motor-cycles  shall  extinguish 
their  flare  lights  at  least  one  hundred  and  fifty  (150)  feet  from  an  approaching  vehicle, 
and  shall  pass  such  approaching  vehicle  with  the  use  of  their  dimmer  lights  only. 

Section  5.  Section  1  of  the  Executive  Order  of  February  28,  1912,  No.  1489,  relat- 
ing to  motor  vehicles,  is  hereby  amended  to  read  as  follows: 

Section  1.  It  shall  be  unlawful  to  drive  or  operate  a  motor  vehicle  or  bicycle 
over  the  roads  of  the  Canal  Zone  outside  of  town  or  village  limits,  at  a  speed 
exceeding  twenty-five  (25)  miles  an  hour  on  straight  roads,  or  at  a  speed  ex- 
ceeding twelve  (12)  miles  an  hour  when  approaching  or  traversing  curves, 
forks,  or  cross  roads,  or  when  traveling  over  the  streets  of  any  city,  town,  or 
village  of  the  Canal  Zone,  or  when  approaching  another  vehicle.  The  owner 
of  an  automobile,  if  within  the  car,  shall  be  held  responsible  for  its  speed. 
In  the  absence  of  the  owner  the  person  actually  operating  the  automobile 
shall  be  held  responsible.  The  person  operating  a  motor-cycle  or  bicycle 
shall  be  held  responsible  for  its  speed. 
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Section  6.  Any  person  violating  any  of  the  provisions  of  this  order  shall  be  pun- 
ished in  the  manner  prescribed  in  Section  5  of  the  Act  of  Congress,  approved  August 
21,  1916,  and  entitled:  An  Act  Extending  certain  privileges  of  canal  employees  to 
other  officials  on  the  Canal  Zone  and  authorizing  the  President  to  make  rules  and 
regulations  affecting  health,  sanitation,  quarantine,  taxation,  public  roads,  self- 
propelled  vehicles,  and  police  powers  on  the  Canal  Zone,  and  for  other  purposes, 
including  provision  as  to  certain  fees,  money  orders,  and  interest  deposits. 

Section  7.   This  Order  shall  take  effect  on  and  after  October  1,  1916. 

WooDROw  Wilson. 

The  White  House,  5  September,  1916. 

[No.  2451.] 


Executive  Order. 

TRANSFERRING  to  the  Governor  of  The  Panama  Canal  the  administration  of  the  Act  approved  Sep- 
tember 7, 1916,  so  far  as  Panama  Canal  and  Panama  Railroad  employees  are  concerned. 

By  virtue  of  the  authority  vested  in  me  by  Section  42  of  the  Act  entitled  "An  Act 
to  provide  compensation  for  employees  of  the  United  States  suffering  injuries  while 
in  the  performance  of  their  duties,  and  for  other  purposes,"  approved  September 
7,  1916,  it  is  hereby  ordered: 

1.  That  the  administration  of  the  Act  entitled,  "An  Act  to  pro\dde  compensation 
for  employees  of  the  United  States  suffering  injuries  while  in  the  performance  of 
their  duties,  and  for  other  purposes,"  approved  September  7,  1916,  so  far  as  employees 
of  The  Panama  Canal  and  of  the  Panama  Railroad  Company  are  concerned,  is  hereby 
transferred  to  the  Governor  of  The  Panama  Canal. 

2.  That  in  the  case  of  compensation  to  employees  of  The  Panama  Canal,  or  of  the 
Panama  Railroad  Company,  for  temporary  disability,  either  total  or  partial,  the 
Governor  of  The  Panama  Canal  is  hereby  authorized  to  waive,  at  his  discretion,  the 
making  of  the  claim  required  by  section  eighteen  of  said  Act. 

3.  That  in  the  case  of  alien  employees  of  The  Panama  Canal,  or  of  the  Panama 
Railroad  Company,  the  minimun  limit  established  by  section  six  on  the  monthly 
compensation  for  disability,  and  the  minimum  limit  established  by  clause  (K)  of 
section  ten  on  the  monthly  pay  on  which  death  compensation  is  to  be  computed,  is 
hereby  removed. 

4.  That  the  Governor  of  The  Panama  Canal  is  hereby  authorized  to  pay  the  com- 
pensation provided  by  said  Act,  including  the  medical,  surgical,  and  hospital  services 
and  supplies  provided  by  section  nine  and  the  transportation  and  burial  expenses 
provided  by  sections  nine  and  eleven,  out  of  the  appropriations  for  The  Panama 
Canal,  such  appropriations  to  be  reimbursed  for  such  payments  by  transfer  of  funds 
from  the  employees'  compensation  fund. 

WooDRow  Wilson. 
The  W^hite  House,  15  Sept.,  1916. 

[No.  2455.] 


Executive  Order. 
AUTHORIZING  the  commutation  of  leave  privileges  in  certain  cases. 

By  virtue  of  the  authority  vested  in  me,  I  hereby  establish  the  following  Executive 
Order: 

The  leave  privileges  accrued  in  favor  of  an  employee  of  The  Panama  Canal,  the 
Canal  Zone,  or  the  Panama  Railroad,  may  be  commuted  in  cash,  in  conformity  with 
existing  rules  and  regulations,  notwithstanding  the  employee  shall  not  have  completed 
ten  months  ser\TLce  at  the  time  such  commutation  is  made,  in  all  cases  in  wliicli  such 
employee  is  transferred  to  the  Fortification  work  on  the  Isthmus  of  Panama  under  the 
Chief  of  Engineers  of  the  United  States  Army;  and  such  employee  shall  be  entitled 
to  receive  in  cash  the  amount  due  him  for  such  accumulated  lea\e,  on  the  basis  of 
one-twelfth  of  the  annual  allowance  of  cumulative  and  annual  leave  for  each  full 
month  served  for  which  leave  has  not  been  granted. 

WooDROw  Wilson. 

The  White  House,  17  October,  1916. 

[No.  2475.] 


EXECUTIVE   ORDERS.  635 

Executive  Order. 
PROVIDING  (or  the  payment  ol  interest  on  Deposit  Money  Orders  issued  in  tiie  Canal  Zone. 

By  virtue  of  the  authority  vested  in  me  by  law,  it  is  hereby  ordered: 

1.  That  deposit  money  orders  issued  by  the  Canal  Zone  Postal  Service  shall  bear 
interest  at  the  rate  of  one-half  of  one  percentum  for  each  period  of  three  full  calendar 
months,  from  August  21,  1916,  or  subsequent  date  of  issue.  Interest  shall  be  payable 
when  tlie  order  is  paid  but  shall  not  accrue  on  any  order  for  more  than  three  years. 

2.  The  Governor  of  The  Panama  Canal  is  authorized  to  prescribe  such  detailed  rules 
and  regulations  as  may  be  necessary  to  carry  out  this  order. 

WooDROw  Wilson. 
The  White  House,  22  October,  1916. 

[No.  2479.] 


APPENDIX  R. 

CHARTS  SHOWING  ORGANIZATION  OF  THE  PANAMA  CANAL  AND 
PANAMA  RAILROAD  COMPANY,  JULY  1,   1916. 
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